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Abstract 
 Production, in terms of revenue and cost for well-drained farms in the Midwest, is a function of 
amongst other things, climatic variability. In the current situation of low commodity prices, producers 
often focus on ways in which they can modify their practices to maximize profits. With nitrogen being 
the single most important macronutrient for corn production in the Midwest, the timing of application 
has several implications both financially and environmentally. Regulation of fall-applied nitrogen is a 
timely issue to address. There has been an increase in technology to be able to apply nutrients closer to 
crop utilization but there is an impending question of how all planned nitrogen application will be 
accomplished in a policy and weather constrained system. This thesis develops cost analysis for nitrogen 
application completion given workday probabilities and machinery specifications. Improving nitrogen 
use efficiency has been the goal of many while adaptation of new technology has been slow. This paper 
seeks to provide insight into the decision-making process that goes along with nitrogen application 
which includes costs and probability of completion. 
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Chapter 1 
Introduction 
1.1 Background 
 
Midwest agricultural soils are heavily cultivated and have been artificially drained, as farmers 
work to minimize agronomic and weather based variables that could adversely affect grain yields. The 
Mississippi-Atchafalaya River Basin accounts for 90% of the total freshwater inflow to the Gulf of Mexico 
and the same basin drains 41% of the United States. With this drainage comes 1.6 million metric tons of 
nitrogen per year, much of which can be traced to agricultural drainage tiles (Petrolia and Gowda, 2006). 
Highly productive soils across the Midwest account for a large proportion of the world supply of grain, 
however, this industry demands nitrogen for bountiful yields as each bushel of grain produced needs 
approximately 1.2 lbs of nitrogen to be applied. The same highly productive soils are those that have 
been well-managed and well-drained over the last century with 9.8 million acres of land in Illinois being 
drained by subsurface tile alone (Zucker and Brown, 1998). With increased subsurface drainage comes 
increased scrutiny on the industry to reduce environmental impacts. Nutrient use efficiency is on the 
minds of many, from a profitability standpoint to an environmentally conscious stance. Nitrogen, being 
highly volatile under common weather situations, must be managed to slow and prevent undesired 
movement. Nitrate loss in the Mississippi River watershed has far reaching negative impacts such as 
eutrophification in surface waters that lead to hypoxic zones, contaminated drinking water sources, and 
the wasted input resources that may in turn affect yields(S.P. Syswerda, et. Al, 2012). With four key 
nitrogen application timing windows(fall, pre-plant, post-plant, late season), weather affected work-
days must be maximized in order to provide usable nutrients to the plant when needed while allowing a 
sizable grain farmer to both cultivate fields and plant crops effectively.  
Farmers often work to ensure nitrogen is not a yield-limiting nutrient, as Liebig’s law of the 
minimum is engrained into their minds. The crop will not grow to the full potential unless there are 
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ample essential nutrients available when utilization occurs. Inorganic nitrogen is lost from the soil 
mostly through denitrification, surface runoff, and leaching. In 2010, Illinois had 12.6 million corn acres 
with 97.86% of those acres receiving nitrogen application in some form. Of those acres, 46.13% received 
nitrogen in the fall before planting (Hopkins, 2016). While the most northern parts of Illinois are suiTable 
for fall N application with minimal leaching, the variable temperature in the lower two-thirds of the 
state, makes fall N application a questionable practice. With bare ground being subject to a freeze-thaw 
pattern, large nutrient flushes are possible multiple times per winter in this area. The flushes effectively 
lower the amount of N left at planting or even later in season as plant uptake occurs. The industry works 
to find an optimal system where enough plant available N is applied into the soil in a timely manner 
while minimizing the period in which nitrogen may escape the system.  
Widespread industry worry of increased regulation on application windows and the effects of 
long-term water contamination have led many to study ways in which producers can mitigate the 
leaching issue in high-risk areas. The Environmental Protection Agency’s Waters of the U.S.(WOTUS) has 
caused many to question the traceability and liability of contributing groups. If farmers were considered 
to be liable for damages to the environment, policy makers are likely to seek a policy driven solution. 
Such a policy driven solution may include the regulation of fall-applied nitrogen and thus the limitation 
of how a farmer may grow their crop and business. The research questions this study seeks to address 
are that of when can existing grain farms in East Central Illinois work to most efficiently apply nitrogen 
and the costs of such application. Shifts in application timing have proven effective in lowering yearly 
nutrient runoff averages in two local Illinois rivers by a reduction of nearly 20 percent(Gentry, et al., 
2014).  
Many before us have studied machinery economics, as farmers sought new ways to grow their 
individual business while maintaining the most efficient methods. Machinery economics has given us a 
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look into what is possible for a farm while agronomic research has determined an estimate of runoff 
reduction to go along with common practices. The on-farm decision-making process comes down to 
what makes the most sense financially. As farm size grows, there will be an inflection point in which 
total acreage or machinery limitations force a producer to mitigate some risk of not getting N applied in 
time and thus move a portion of the application to the fall period. Nutrient management from an 
economics view is about maintaining yield without driving up cost in order to reduce tile-drained runoff 
of key nutrients. This master’s thesis will determine the probability of completing planned nutrient 
application while varying farm size and equipment specifications. Field workdays will be the driving force 
for this probability study, as application in the fall, pre-plant, post-plant, and late season periods are 
most usually constrained by impending inclement weather. This thesis will also assign tax and time 
adjusted costs to fertilizer application performed each year on corn acres as well as determine the 
probability of completing the application within assigned windows. 
Nitrogen application has been established to occur in several main time periods, including the fall 
season. Fall applied nitrogen is the time period furthest from plant utilization, thus the period in which 
the most nitrogen is lost due to weather. To affect change on the problem of nitrogen loss, a baseline of 
nitrogen costs and probabilities must be determined.  
 
1.2 Problem Statement 
 
The application of nitrogen to corn crops is a process that must be examined more through 
future research. Nitrogen loss is, however, a problem that has occurred for a long period of time with 
advancements in technology helping to slow the loss. Loss occurs and affects many areas of the 
ecosystem, from algal blooms in the Gulf of Mexico to drinking water concerns throughout the Midwest. 
Loss also affects the profitability of the farmer, as the less nitrogen fertilizer that reaches each corn 
plant, the less each plant will produce. The problem this thesis seeks to address is that many scientific 
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research papers have been published in the area of crop science, while few research works exist that 
have looked at the economics of the nitrogen application process.  
1.3 Objectives 
 
The objective of this thesis is three part. In order to incentivize farmers to move nitrogen 
application closer to plant utilization, the industry must know the economic costs of varying nitrogen 
application methods across each time period. Along with establishing the per acre costs of nitrogen 
application on varying farm sizes, the objective of this thesis is to establish the probability of completing 
nitrogen application on each of those farm sizes across each period of application. The final objective of 
this thesis is to provide commentary as to how the knowledge of cost and probability affect the 
adoption of application methods which place nitrogen closer to corn plant utilization. 
1.4 Plan of Work 
 
The thesis has been developed in five major chapters with several points of emphasis within 
each chapter. After this introduction chapter, a literature review has been provided to outline prior 
research that has been completed in the area of nitrogen management as well as the machinery 
economics. A literature review is important to establish a base of knowledge and outline how this thesis 
fills a gap in the existing literature. The third chapter is that of the methodology of the thesis. A net 
present value calculation as well as the probability determinations have been described in chapter 3 to 
provide readers with the knowledge to understand and repurpose this type of research for future 
advancements. Chapter 4 is the results section of the thesis in which each of the cases outlined in the 
paper are examined and tallied. The results of before tax per acre costs, after tax per acre costs, and 
probability of completion are reported and compared in this chapter. The final summary chapter seeks 
to provide a review of the stated research and provide context to the results that will result in future 
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advancements in the literature. Ways in which this research may be expanded upon are also included in 
chapter 5. 
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Chapter 2 
Literature Review 
2.1 Introduction  
 The purpose of this thesis is to establish cost estimates for varying nitrogen application 
methods. Previous work in this area of agricultural economics is limited to equipment unrelated to 
nitrogen application. Adopting the conceptual framework of other experts in this field has lead to this 
research which aims to fill a void in the current literature. 
2.2 Machinery Cost Estimation in Agricultural Economics Literature 
Farm machinery is a crucial part of every grain farm. Physical performance is often measured to 
gauge the quality of the equipment, while total cost also plays a role in the degree of adoption and use. 
Siemens and Peart (2004) look at machinery optimization in terms of size, labor, and timeliness costs to 
determine the best choice in machinery. In order to develop the full view of machinery costs, there are 
both power requirements and finance methods to consider. Whether the machinery is self-propelled or 
pull-behind, there are a number of mechanical factors to take into consideration. 
 Amongst these factors is that of the coefficients that help determine fixed and variable costs of 
owning each type of machinery. The American Society of Agricultural and Biological Engineers (ASABE) 
establishes methods for determining the costs of housing and insurance, fuel and oil, and labor per hour 
of operation. As the per hour costs of application equipment ownership depend on the width, speed of 
field work, and field efficiency of application, the ASABE has developed an industry standard for each 
category (ASAE D497.4, 1999) In addition to these industry standards, the ASABE also determined 
formulas to calculate machinery remaining value and repair values. The remaining value of equipment is 
the salvage value and is calculated using two machinery dependent factors also published in the ASAE 
D497.4. 
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From these formulas, machinery cost estimations can be made. These calculations involve a 
number of established finance related methods. The discussion of how farms manage considerations 
related to investments and day to day finances has been a topic for many years. (Talk about the basic 
definition of NPV) Financial Management in Agriculture (Barry et al., 2000) provides a base for 
understanding the importance of finance for farms and farm operators. Chapter 9 exclusively introduces 
the concept of time value of money when dealing with farm assets. Throughout the work by Barry et al. 
are the formulas used in this net present value calculation. Chapter 10 introduces the uses of a net 
present value calculation when working on capital budgeting for farming operations. Amongst others, 
Kevin C. Dhuyvetter has progressively covered machinery economics. (Harvesting Equipment example) 
Central to Dhyuvetter’s calculations is that of a net present value method of taking several variables into 
account such as tax reduction, depreciation, and time-value of money (Dumpler, Williams, and 
Dhyuvetter., 2010). In order to determine an equivalent cash flow for varying machinery types and sizes, 
there are many factors that transform a list price to a final per acre cost. A per acre annual cash flow 
equivalent for several farm applications has been covered in prior works by the above mentioned. This 
machinery cost estimation method has not yet been applied to nitrogen application equipment. 
2.3 Workday Probability Estimation in Agricultural Economics Literature 
In addition to nitrogen application costs, the probability of completing the field work is of equal 
or greater value to farmers. The weather determines how often farmers are able to apply fertilizer, as 
rainfall and heat units control the timeline. Because of this, estimating reliable field working days is 
unlikely due to the uncontrollable variability in rainfall and temperature in any given year. Past papers 
have sought machinery tractability as a point of interest, as work can be done as long as the equipment 
can find traction (Babeir, Colvin, and Marley., 1986) As cultural equipment practices changed, 
tractability gave way to compaction concerns and further economic considerations that must be taken 
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into account. An Integrated Farm System Model predicted suiTable work days based upon a number of 
economic and environmental factors (Rotz and Harrigan, 2005). Amongst the factors are soil type, 
region, machinery required, and residue cover. Also included is historical data of suiTable field work 
days from the Indiana Agricultural Statistics Service (IASS).  
Indiana is not unique in their records of suiTable field work days. The National Agricultural 
Statistics Service (NASS) has recorded days suiTable for fieldwork in 9 regions of Illinois from 1980 to 
present (Kirwan, 2016). Included in this data, is the number of days in a given week that were suiTable 
for fieldwork out of seven. NASS provides historical data for this 35 year period of time and from this 
sample, a relatively accurate estimate of probability of suiTable fieldwork days can be established for 
future application periods. In any given year, the weather may yield a different probability of a day being 
suiTable for fieldwork than the long-term average suggests. Models determining machinery cost and 
probability must be interpreted for decision making over the long term with contingencies for 
application in anomaly type years.  
2.4 Recent Nitrogen Response Studies in Crop Science Literature 
Nitrogen application timing and methods vary based on cultural practices and region. To provide 
insight into the process of applying nitrogen in corn crops in the four time-periods selected, this 
literature review provides various references that provide a basic understanding of the cultural methods 
as well as the need for nitrogen application for plant utilization. By providing this understanding of how 
nitrogen is traditionally applied, we are then able to fill the void in the literature in terms of nitrogen 
application cost. 
 If soil temperatures at a four-inch depth under bare soil fluctuate or stay above 50 degrees, it is 
not recommended to apply fall anhydrous (Sawyer, 2001). Spring pre-plant anhydrous ammonia 
application occurs in a narrow window after the group has thawed but before it has warmed enough to 
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plant. Post-plant application of anhydrous and liquid nitrogen occurs several weeks after planting, up 
until the height of the plant prohibits fieldwork. Often, both spring pre-plant and post-plant application 
periods are restricted due to soil moisture. Nitrogen application methods are changing as researchers 
have confirmed the potential for late season plant utilization of nitrogen.  
Analyzing how modern corn hybrids uptake and utilize nitrogen in high management situations 
provides insight into optimum timing of application. Much of the plant uptake occurs in late vegetative 
stages and the reproductive stages of corn maturity (Bender et al., 2013). To minimize the stress to the 
corn plant, having plant available nitrogen in the field at these crucial periods of uptake allows for 
maximum utilization and growth potential. While in-season application provides nutrients closest to 
plant utilization, the early season growth requires substantial amounts of nitrogen to develop.  
In order to have plant available nitrogen in place for a newly planted corn crop, two periods 
must be considered, fall and spring pre-plant. Randall and Sawyer (2008) provides insight into the 
amount of nutrient loss resulting from moving application further from the time that the plant will 
utilize the nitrogen. Fall-applied N can be considered to up to 15% less effective than spring N due to 
denitrification. Differing soil types and pH conditions hold nitrogen differently as weather is the largest 
factor in determining when the nitrogen will be lost. The same study reported that split application of 
nitrogen provides the best chance for optimal plant uptake and mitigates risk of nutrient loss.  
To further mitigate loss risk, a nitrogen inhibitor can be used to stabilize and protect from 
environmental factors working to speed up denitrification. In addition to nitrogen inhibitors such as N-
Serve for anhydrous ammonia, there are alternative technologies being used to affect the release of 
nitrogen in the soil profile (Herrera et al, 2016). Coated urea provides some protection against 
environmental factors while some methods have been studied to change the soil profile to hold more 
nutrients. Winter cover crops can be used to prevent nitrogen loss and improve the soil structure over 
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time (Miguez and Bollero, 2005). By adding cover crops that fix nitrogen where the corn plant is able to 
utilize the nutrient, nutrients are provided to the crop throughout the growing season due to organic 
matter breaking down in the soil profile. The same study provided evidence to possible increased yields 
when utilizing a winter cover crop. 
As timing is one of the largest factors affecting nitrogen application, the competition of other 
work that needs to be done on a farm must be considered. Tillage occurs in both the fall and spring 
periods and can compete with the application of nitrogen. In some cases, in-furrow nitrogen application 
of anhydrous ammonia is the only tillage done before a corn crop. While tillage is important, it has 
minimal effect on the timing of nitrogen application (Vetsch and Randall, 2004). Best management 
practices, therefore, need not be altered to accomplish tillage efforts. 
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Chapter 3 
Methods 
3.1 Introduction 
The goal of this thesis is to provide an evaluation of the costs and timeliness of alternative 
methods for applying nitrogen fertilizers.  In this chapter, methods to arrive at both the costs and 
timeliness of the application methods are described.  These costs and timeliness methods will be 
developed for different nitrogen application methods which are applicable to different nitrogen 
application periods.  These time frames for application periods and applications methods are described 
in the first section entitled “Nitrogen Application Time Frames”.  The following section entitled 
“Nitrogen Application Methods” provides information on how nitrogen is applied within the four time 
frames.  The equipment used in these time frames is described in the fourth section entitled “Equipment 
for Which Costs Are Generated”. Before describing how the calculations were made, all supporting costs 
are detailed in the section entitled “Additional Costs of Sample Farm”. Then the methodology to arrive 
at costs will be described in the “Methodology for Calculating Costs” section.  Costs will be stated on a 
per acre basis and the formulas for calculation were developed in Microsoft Excel. Each input field has 
been filled using data representative of a grain farm business. This evaluation specifies yearly machinery 
costs based on a five year length of ownership. Since equipment lasts several years, net present value 
methods will be used to develop costs.  The final section describes how timeliness measures will be 
developed and is titled as “Probability of Completing Application”. 
The end result of these methods will be Tables similar to Table 3.1.  Table 3.1 is an example for a 
specific applicator during a specific period, as will be all of the Tables.  For Table 3.1, the machine is a 
62.5 foot anhydrous ammonia applicator with application occurring during a spring time-period on a 
farm with a 50/50 corn and soybean rotation. Each Table will give costs per acre before tax 
considerations and costs per acre after tax considerations for varying acres covered.  For example, it 
12 
 
costs $17.76 per acre before tax to cover 750 acres (see Table 3.1).  After tax, these costs will be $8.12 
per acre.  The probability of completing this operation in any given year is 83.9%.  These Tables will be 
completed for seven pieces of application equipment/time-period combinations as well as on two 
common tractors.  The results chapter will present these Tables and provide analysis of alternative 
method costs and timeliness. 
This chapter will provide the methods for calculation of both costs and probabilities.  These 
calculations will be illustrated for the anhydrous ammonia applicator shown in Table 3.1.  Inputs 
necessary to do calculations will be provided in Tables given throughout the chapter while results will be 
given in the fourth chapter. 
Table 3.1 Per Acre Costs and Probability of Completing Work for a 62.5 foot 
Anhydrous Ammonia Applicator During the Pre-Plant Time-period 
                
        
 Acres  Costs Costs Probability of  
 Covered Before Tax After Tax Completing Acres  
                
        
  $/acre  $/acre    
 250 51.35  23.06  97.1%  
 500 26.08  11.8  91.8%  
 750 17.76  8.12  83.9%  
 1000 13.63  6.29  71.1%  
 1250 11.18  5.12  57.1%  
 1500 9.52  4.48  42.3%  
 1750 8.37  3.98  29.4%  
 2000 7.52  3.61  19.1%  
 2250 6.87  3.33  10.9%  
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3.2 Case Studies Examined 
3.2.1 Nitrogen Application Time Frames 
Nitrogen is applied to fields in four main timeframes. This thesis involves the time-periods of 
fall, pre-plant (spring), post-plant (post-plant), and in-season application. These time-periods are 
established as the most common timeframes in which nitrogen may be applied (Fernández et al, 2009). 
Farmers apply in one or multiple of these periods in varying amounts. Each timeframe requires different 
equipment and application methods. There are 9 combinations of application timing, nitrogen type, and 
equipment size which have been studied in this thesis. These cases have been listed in Table 3.2 and will 
be referred to throughout the paper by the naming conventions listed within Table 3.2. 
Table 3.2 Case Studies Used in Analysis of Four Nitrogen Application Periods 
                
        
 Naming Timeframe Fertilizer Equipment   
 Convention  Type Size (Feet)  
                
        
1. Fall AA (Small) Fall    Anhydrous Ammonia 47.5  
2. Fall AA (Large) Fall    Anhydrous Ammonia 62.5  
3. Pre-Plant AA (Small) Pre-Plant     Anhydrous Ammonia 47.5  
4. Pre-Plant AA (Large) Pre-Plant     Anhydrous Ammonia 62.5  
5. Post-Plant AA (Small) Post-Plant    Anhydrous Ammonia 30  
6. Post-Plant AA (Large) Post-Plant   Anhydrous Ammonia 60  
7. Post-Plant UAN (Small) Post-Plant   Liquid UAN (28%) 30  
8. Post-Plant UAN (Large) Post-Plant   Liquid UAN (28%) 60  
9. Late-Season UAN Late-Season   Liquid UAN (28%) 100  
                
        
        
Fall anhydrous ammonia application takes place in Central Illinois after the soil temperature 
begins to fall below critical levels. The suggested safe soil temperature under four inches of bare soil is 
50 degrees Fahrenheit (Sawyer, 2001). In Central Illinois, that temperature is reached on average the 
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31st day of October (Kirwan, 2016). According to recommendations, nitrogen applications takes place 
from this point until the soil freezes. Fall anhydrous ammonia application is traditionally based on need 
for a large window of application, which allows for application over many acres. Fall AA (Small) and Fall 
AA (Large) are the two cases studied for fall application of anhydrous ammonia across varying farm size. 
In the spring before planting, the soil must warm to a point that it is workable but pre-plant 
application takes place whenever the soil is not saturated from typical spring weather. This timeframe of 
application is a one-month period between March 15th and April 15th. Pre-plant application of anhydrous 
ammonia occurs in this time-period to supply the coming crop with plant available nitrogen throughout 
the crop year. Pre-plant AA (Small) and pre-plant AA (Large) are the two cases studied for spring pre-
plant application of anhydrous ammonia.  
Post-plant (post-plant) application of anhydrous ammonia and liquid UAN fertilizer takes place 
after the crop has grown to a point in which nitrogen is needed and after root structure is established. 
Post-plant application takes place from mid-May through early June. By early June, the corn plant is tall 
enough to prevent post-plant application. Post-plant application of nitrogen provides plant available 
fertilizer after the risk of spring rainfall has gone down. Post-plant nitrogen application places fertilizer 
within the rows at a period in which the plant is utilizing it. For the post-plant nitrogen application 
period has four cases included in this research, two for anhydrous ammonia and two for liquid UAN.  
Late-season application of nitrogen takes place during the month of June after the plant has 
reached a point in which post-plant nitrogen application is not an option. Post-plant application is not an 
option due to the height of the corn plant June application also allows for application during most days 
due to lower rainfall than earlier months. Much like post-plant application of nitrogen, in-season 
application provides fertilizer close to the growth stage in which corn plants need fertilizer to produce 
the grain (Miller et al., 2011). The yield response to late-season application of nitrogen has shown that 
this time-period holds merit and the potential for future adoption is apparent. As there are less size 
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differences in the application equipment used for the late-season application, this period only requires 
the study of one case (Late-season UAN). 
 
3.2.2 Nitrogen Application Methods 
There are several forms of nitrogen applied in these four time-periods. For the purpose of this 
research, anhydrous ammonia and liquid urea-ammonium nitrate (UAN) have been chosen for analysis. 
Each form of nitrogen is common in Central Illinois as well as across the Midwest (Scharf and Loy, 2006). 
Anhydrous is the most popular form of nitrogen applied in the fall and spring, due to its ability to be held 
in the soil profile through weather events that would otherwise wash away the fertilizer (Randall and 
Sawyer, 2008). Liquid UAN was chosen due to its widespread use across Central Illinois as well as its 
versatility to be applied in multiple time-periods. 
Anhydrous ammonia and liquid UAN require separate application equipment. The fall and spring 
time spring time-periods involve anhydrous ammonia as the form of nitrogen while the post-plant 
application of nitrogen can involve either anhydrous or liquid UAN. Each of these periods requires a 
tractor for propulsion of the pull behind application equipment. The fourth period, late season 
application of liquid UAN, is done through sprayer booms next to the standing corn crop. This period 
does not require a tractor, as the sprayer applicators are self-propelled. These application methods are 
the four most common types of nitrogen application in Central Illinois. Applying granulated urea and 
ammonium sulfate are two other common forms of nitrogen applied in this area. Each of these forms 
are not included in this research due to the relatively low use and variability in application methods. 
Anhydrous ammonia and liquid UAN are the most common forms and are used for this research due to 
the uniformity in application methods. 
Anhydrous ammonia is knifed into the soil profile with a specific applicator. Incorporating 
nitrogen helps to protect the anhydrous ammonia from leaching from the field and also places it in an 
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area in which the crop uptake will occur through plant roots. Liquid UAN can be applied both by 
incorporating it into the soil profile and also across the surface. Varying levels of effectiveness from 
cultural application practices can be found, depending on a number of agronomic factors. This 
evaluation will focus purely on the economic costs of varying cultural practices as well as the probability 
of application in each period.   
3.2.3 Equipment for Which Costs and Probabilities Are Generated 
Applying nitrogen requires different machinery based upon the season application takes place. 
In addition to the actual application equipment, some form of propulsion is needed. Late season 
nitrogen is done using self-propelled sprayers while tractors pull applicators in the other three windows 
of application. In this section, we will outline all of the types of equipment used for nitrogen application 
and cost comparisons in this thesis. Table 3.3 shows a list of each piece of machinery that will be 
described. 
Table 3.3 – Equipment List Prices 
John Deere Equipment List Price 
Fall & Spring Anhydrous Ammonia Applicator   
2410C - 47 foot 6 inch Five Section Drawn Flexible Nutrient Applicator  $   100,361.00  
2410C - 62 foot 6 inch Five Section Drawn Flexible Nutrient Applicator  $   116,015.00  
Post-plant Anhydrous Ammonia Applicator   
2510H - 30 Foot Drawn Flexible High Speed Anhydrous Applicator  $     68,193.00  
2510H - 60 Foot Drawn Flexible High Speed Anhydrous Applicator  $   120,718.00  
Post-plant Liquid UAN Applicator   
2510L - 30 Foot with 1050 Gallon Vertical Folding Liquid Applicator  $     51,855.00  
2510L - 60 Foot with 2400 Gallon Vertical Folding Liquid Applicator  $   102,405.00  
Self Propelled Sprayer   
R4038 - 100 Foot Boom with 1000 Gallon Tank  $   373,191.00  
Tractor   
7250R - 250 Horsepower with 205 Power Take Off HP  $   256,410.00  
8320R - 320 Horsepower with 269 Power Take Off HP  $   341,432.00  
Anhydrous bars come in a variety of widths and are very similar across brands. John Deere 
equipment and equipment prices were used in this thesis, as John Deere has products for all four 
windows of application. Deere & Co is a global producer of agricultural heavy machinery as well as 
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equipment for other industries. With global headquarters in Moline, IL, John Deere has deep seeded 
roots in the Midwest which provides for a substantial market share.  
In order to provide cases that include various sized farms, this research uses the largest and 
smallest applicators, as costs and efficiency will vary with every size applicator. The largest sized 
applicators were chosen, as they often result in the lowest per acre cost over a large number of acres. 
The largest equipment is likely that used by custom applicators and fertilizer dealers. The smallest sized 
applicators were chosen, as the upfront acquisition cost is lowest to the farmer. Table 3.4 shows the 
John Deere application equipment used in each of the nine cases as well as the suggested tractor size to 
be paired with each applicator. 
Table 3.4 Equipment Used in Analysis of Four Nitrogen 
Application Periods 
        
    
 Naming John Deere  John Deere 
 Convention Applicator Used Tractor Used 
        
    
1. Fall AA (Small) 2410C - 47.5 Ft. 7250R 
2. Fall AA (Large) 2410C - 62.5 Ft. 8320R 
3. Pre-Plant AA (Small) 2410C - 47.5 Ft. 7250R 
4. Pre-Plant AA (Large) 2410C - 62.5 Ft. 8320R 
5. Post-Plant AA (Small) 2510H - 30 Ft.  7250R 
6. Post-Plant AA (Large) 2510H - 60 Ft. 8320R 
7. Post-Plant UAN (Small) 2510L - 30 Ft.  7250R 
8. Post-Plant UAN (Large) 2510L - 60 Ft. 8320R 
9. Late-Season UAN R4038 - 100 Ft. N/A 
        
    
 
 The 47.5 foot 2410C applicator and 62.5 foot 2410C applicator can cover a different number of 
acres per hour.  As will be illustrated in the results section, this difference will have a large impact on per 
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acres costs.  The two applicators also are separated by approximately $16,000 in cost. Application 
efficiency is crucial in time-periods which frequently experience inclement weather, affecting soil 
fitness. 
 Post-plant application of anhydrous ammonia and liquid UAN requires applicators specifically 
built to handle each form of nitrogen. For anhydrous, the 2510H has been chosen for post-plant cost 
analysis. At the time of data collection, these smallest and largest 2510H applicator cost approximately 
$68,000 and $120,000. This post-plant anhydrous ammonia applicator is purpose built to avoid crop 
injury and to clear the tops of the standing corn.  
 Post-plant application of liquid UAN is done much like anhydrous, but requires heavy duty 
plastic holding tanks for the fertilizer in transit. Both the width and the size of the tank can vary on these 
applicators. The largest and the smallest 2410L applicators were chosen which include a 60 foot wide 
platform and 2400 gallon tank as well as a 30 foot wide tool with a 1050 gallon tank. The cost varies 
widely with approximately $50,000 separating the largest and smallest. 
 Late-season application of nitrogen is different from the other time-periods due to the recent 
adoption of special self-propelled equipment that allows liquid UAN to be applied in tall standing corn 
(Miller et al., 2011). Sprayers outfitted with liquid UAN distribution components drives through the field 
dispensing nitrogen in furrow. The biggest difference in equipment size in late season application is that 
of the boom width and tank size. A large boom allows for more acres to be applied in a shorter period of 
time but requires a larger purchase price. A larger sprayer will be able to carry a large boom as well as a 
large tank for liquid fertilizer. The tank size is important, as it affects the speed of application. A larger 
tank leads to less refills and thus less down time in the field. 
John Deere produces four models of sprayers ranging in price from the low $200,000 area to the 
mid $450,000 area. For the purposes of this study, the most common sprayer was chosen as the R4038, 
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which is 100 feet in width with a 1,000 gallon tank. To reach the $373,000 price tag, the base model was 
outfitted with the needed equipment for late season nitrogen application.  
 A tractor is needed to pull applicators for the fall, spring, and post-plant time-periods. Tractors 
come in varying sizes, shapes, and capabilities. Two common Deere tractors were selected to determine 
a cost per acre that can be associated with each form of nitrogen application. The 7250R is a 250 
horsepower John Deere tractor with 205 power takeoff(PTO) horsepower. This tractor has enough 
power to pull many sizes and shapes of tillage or application equipment. It lists for $239,000 as a base 
model but after common upgrades for precision agriculture, the price tag comes to $256,000. These 
upgrades include a GreenStar display, StarFire receiver, and Autotrac. The second tractor included is the 
8320R, a 320 horsepower tractor with 269 PTO horsepower. This larger model may be used for the 
larger implements or in adverse soil conditions. The list price is $324,000 with the necessary additional 
items increasing the costs to $341,000. 
3.2.4 Summary  
 The nine cases described have been chosen based on the specified criteria above. Applying 
nitrogen in these time-periods is common across Central Illinois. There have been many studies of the 
science behind nitrogen application while the economics of such methods have not been thoroughly 
examined. This research aims to use the before mentioned equipment specifications to develop a cost 
analysis of each application period. 
 
3.3 Methodology for Calculating Costs  
To establish accurate per acre cost calculations for the nine cases, a net present value 
calculation is required. The NPV is required because equipment has multi-year life, so looking at a 
specific year’s costs will not be useful in evaluating costs over the life of the machine. 
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Microsoft Excel has been used for all net present value calculations. Section 3.3 provides a step-
by-step calculation for a 62.5 foot wide 2410C anhydrous applicator. This calculation is that of the Fall 
AA (Large) equipment and time-period and will be repeated for varying acre size. The example will be 
shown for 2,000 acres.  In the results section, costs will be developed for different acres covered, 
resulting in different costs. Figure 3.1 provides an overview of the complete calculation. This calculation 
will be used throughout the methodology section to provide insight into the net present value 
calculation. Providing a step-by-step description of the net present value formulas gives insight into we 
have arrived at a $3.61 after-tax and $7.52 before-tax per acre cost. Such insight can be used for 
following the results shown in Chapter 4.
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Figure 3.1 Net Present Value Calculation for 2410C Applicator 
 
3.3.1 Assumptions of Cost Analysis Methods 
To determine the true cost of nitrogen application equipment, a net present value has been 
constructed. The resulting cash flows from this cost methodology can be broken down into several 
inputs. The acquisition of machinery includes purchase price, down payment, loan payments, and 
salvage value. Operating costs taken into consideration are that of fuel, labor, and repair. The tax 
1 0.600
711.02$                    2 0.885
1,009.80$                
2,045.74$                1 0.630
3,766.56$                2 1.300
(9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19)
After-Tax Before-Tax Salvage After-Tax Before-Tax Tax After-Tax Before-Tax Cash Present Value PV of After- PV of Before-
Book Value Book Value Value Balancing Charge Balancing Charge Reduction Cash Flow Cash Flow Factor Tax Cash Flow Tax Cash Flow
104,413.50$                 104,413.50$             -$                            20,882.70$                     20,882.70$            1.0000 20,882.70$                 20,882.70$                 
72,476.95$                   92,476.95$                13,042.49$                3,584.13$                       16,626.62$            0.9681 3,469.72$                   16,095.86$                 
46,906.08$                   66,906.08$                10,933.25$                6,377.48$                       17,310.72$            0.9372 5,976.81$                   16,223.16$                 
28,644.16$                   48,644.16$                8,385.41$                  9,290.23$                       17,675.63$            0.9073 8,428.63$                   16,036.35$                 
15,602.92$                   35,602.92$                6,507.32$                  11,438.85$                     17,946.17$            0.8783 10,046.70$                 15,762.05$                 
6,278.79$                     26,278.79$                37,790.42$            5,908.43$               2,158.43$                (794.05)$                    (18,830.12)$                   (19,624.17)$           0.8503 (16,010.47)$               (16,685.62)$               
274,322.40$                 374,322.40$             37,790.42$            5,908.43$               38,074.41$                32,743.26$                     70,817.67$            32,794.07$                 68,314.50$                 
Before TaxAfter Tax
Sum
Fixed and Variable Costs
Annual Insurance & Housing
Annual Labor
Annual Fuel and Oil
Remaining Value Factors
Repair Value Factors
7,221.67$                
3.61$                         
Annual Equivalent Cash Flow w/Tax
Equivalent Cash Flow Cost Per Acre
Annual Equivalent Cash Flow w/o Tax
Equivalent Cash Flow Cost Per Acre
15,043.72$                 
7.52$                           
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consideration portion of a net present value calculation provides insight into how cost is affected by 
policy. Tax related cash flow inputs include depreciation deductions and tax reductions associated with 
operating costs and interest payments on loans. 
The first step in calculating a net present value cost to application equipment is to establish the 
parameters needed for each input. There are two groups of parameters; that of the list prices of each 
type of equipment and that of the other considerations used in the analysis.  
Each piece of equipment analyzed in this thesis has been done so with the list prices established 
in Table 3.3. List prices were drawn directly from the John Deere website and represent the largest and 
smallest equipment available for all four seasons of application that were tested. 
Other parameters that were established are listed in Table 3.5. Parameters associated with all 
types of nitrogen application equipment include list price discount, Section 179 deduction, down 
payment percentage, loan interest rate, hourly labor wage, fuel price, marginal tax rate, self-
employment rate, after-tax discount rate, tractor hours per year and years before selling.  
Table 3.5 – Parameters of Individual Calculations 
Purchase Price (% of List Price) 90% 
Section 179 Deduction $20,000  
Down Payment (% of Purchase Price) 20% 
Loan Interest Rate  5.00% 
Hourly Wage ($/Hour) $17.00  
Fuel Price ($/Gallon) $3.50  
Marginal Tax Percentage 34.05% 
Self-Employment Percentage 15.30% 
After-Tax Discount Rate 3.30% 
Tractor Hours Per Year 300 
Years Before Selling Equipment 5 
 
The purchase price will be assessed to be 90% of the list price of the machinery. A purchase 
discount can be expected as the customer will likely have a relationship with the equipment dealer or 
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will negotiate the purchase price. Purchase discounts range in amount as there is no industry standard 
(Batts, 2016). 
The Internal Revenue Service allows for a Section 179 deduction in the first year of up to 
$500,000 (IRS, 2016). For this calculation, there will be a Section 179 deduction of $20,000 for each 
piece of machinery. 
Down payments for farm equipment are often made using the trade-in value of the equipment 
that is being replaced. For this calculation, a down payment percentage of 20% will be used. This down 
payment percentage has been used in prior machinery net present value calculations (Dumpler et al., 
2010). 
Farm equipment loans vary in length and structure based on normal factors such as credit score, 
collateral, and total liabilities. For this calculation, a 5.00% interest rate will be used based on a current 
estimate of the interest rates for farm machinery (Zwilling, 2016). 
An hourly wage has to be assigned to each NPV calculation, as it will affect the fixed costs of 
applying nitrogen. A $17 wage has been assigned to this calculation to reflect the farm labor involved. 
Hourly wage is variable based upon the level of experience and difficulty of the work being completed 
(Batts, 2016). 
Like hourly wage, a per gallon diesel fuel cost has been used to develop a fixed cost of applying 
nitrogen. For this assumption, a 10-year average of diesel prices for the Midwest was taken from the 
United States Energy Information Administration (Midwest (PADD 2), 2016). This data shows an average 
price of $3.50 per gallon of diesel fuel. 
Tax assumptions were made using the recommendation of Farm Business Farm Management 
staff for grain farms from the Central Illinois region (Zwilling, 2016). Included in the marginal tax 
percentage is the federal rate, state rate, and self-employment rate. The federal tax rate assumption is 
that the average farm falls in the 15% bracket. Illinois state tax for 2016 is 3.75%. Self-employment tax is 
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15.3% for farmers and is also used for a balancing charge calculation. Combined, these rates sum to 
34.05%, meaning that for each additional dollar earned, 34.05% will be retained in some form. The 
after-tax discount rate is calculated as the interest rate multiplied by one minus the marginal tax rate 
and is used to calculate present value factors and the annual equivalent cash flow. The marginal tax 
rate, along with the interest rate combine to form the after-tax discount rate of 3.30%.  
Tractor hours per year are used for application equipment in the fall, pre-plant, and post-plant 
time-periods, as these periods require an applicator to be pulled with a tractor. In prior work by 
Schnitkey and Lattz (2008), 300 machine hours was determined to be an accepTable length of yearly 
operation. The 300 machine hours will be used to provide a per hour and per acre cost to operating each 
tractor for each piece of machinery in Chapter 4, independent of the application equipment costs per 
acre. 
The last input parameter needed is for the length of ownership. A seven-year depreciation 
schedule has been developed based on a typical five-year period of ownership (Dumpler et al., 2010). 
After five years, equipment is likely to be traded and upgraded with a calculated salvage value. 
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3.3.2 Net Present Value Formulas 
 Developing a calculation that accounts for tax depreciation, fixed and variable costs, and the 
time value of money, is central to analyzing equipment costs. When analyzing nitrogen application 
methods, an annual equivalent cash flow determines how much the equipment costs to own each year. 
This cost is not simply the cost of the equipment divided over the total number of years of ownership, 
but instead is the product of several formulas, which will be described below.  
 After establishing the assumptions described in section 3.3.1, the first step of this evaluation 
was to list the equipment type. For nitrogen application, there are three main types of application 
equipment. Anhydrous ammonia applicators, post-plant applicators, and self-propelled applicators all 
have varying costs associated with application. The selection of equipment type is used to calculate fixed 
and variable costs.  
To clarify the process of calculating the annual equivalent cash flows and per acre equivalent 
cash flows through a net present value formula, a sample acre size and application period has been 
chosen and is represented in Table 3.3. In Central Illinois, farm size varies greatly but has generally been 
growing as of recent. For this calculation, a 4,000 acre corn and soybean farm with a 50/50 crop rotation 
has been chosen. This section will use the calculations associated with a 62.5 foot anhydrous ammonia 
applicator on 2,000 acres of corn.  Pre-plant application of anhydrous ammonia has been popular when 
weather allows for fieldwork. This example will present the true costs of applying nitrogen in a sole 
window of application.  
As pre-plant application is not generally the only period of anhydrous application, farms today 
tend to size machinery based on future growth and potential application windows. However, when 
application timing is narrowed, large machinery helps cover more acres in less time. For this example, a 
62.5 feet wide anhydrous bar at a list price cost of $116,015 is analyzed. This implement has a 70% field 
efficiency and is pulled at 7 MPH. 
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Purchase and Financing 
Purchasing equipment at 90% of the list price has been established as a parameter. The 
anhydrous ammonia applicator purchase price is $116,015 𝑥 90% = $104,413.50. The down payment 
of this piece of equipment is 20% 𝑥 $104,413.50 = $20,882.70. In turn, the amount borrowed is 
$83,530.80 at an interest rate of 5.00%.  
Table 3.6 - Acquisition Portion of 62.5 Foot Anhydrous Ammonia Applicator 
        
    
Year Down/Loan  Principal Portion Interest Portion 
 Payment of Payment of Payment 
        
    
0  $          20,882.70   $          20,882.70   $                         -    
1  $          14,435.78   $          10,259.24   $            4,176.54  
2  $          14,435.78   $          10,772.20   $            3,663.58  
3  $          14,435.78   $          11,310.81   $            3,124.97  
4  $          14,435.78   $          11,876.35   $            2,559.43  
5  $          14,435.78   $          12,470.17   $            1,965.61  
        
    
 
To calculate the loan payments of the anhydrous applicator in year one through five, the 
interest payment is calculated based off of the remaining principal in each period. Table 3.6 is a portion 
of the Microsoft Excel spreadsheet calculating costs that describes the principal and interest payments 
in year 0 through 5. On a five-year payback schedule, $14,435.78 is the annual payment with a 
$20,882.70 down payment in year 0. To arrive at this annual payment, the summation of interest 
payment and principal payment can be made. As in all amortization schedules, as annual interest 
payments decrease, the payment put toward principal increases. Over 5 years, the total amount paid, 
amount put toward interest, and the amount put toward principal are $93,061.59, $15,490.12, and 
$77,571.46 respectively.  
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Because the depreciation and purchase schedule is based off of seven years of ownership, 
selling the equipment after five years requires a salvage value calculation. This salvage value is the 
market value of the machine when it is sold and is shown in Table 3.8. Salvage value is calculated using 
remaining value factors given by the American Society of Agricultural and Biological Engineers (ASABE) in 
the publication D497.4 from 1999. In this instance, the salvage value of $37,790.42 is calculated as:  
 
𝐿𝑖𝑠𝑡 𝑃𝑟𝑖𝑐𝑒 𝑥 𝑅𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑉𝑎𝑙𝑢𝑒 𝐹𝑎𝑐𝑡𝑜𝑟 1 𝑥 𝑅𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑉𝑎𝑙𝑢𝑒 𝐹𝑎𝑐𝑡𝑜𝑟 2𝑌𝑒𝑎𝑟𝑠 𝐵𝑒𝑓𝑜𝑟𝑒 𝑆𝑜𝑙𝑑  
 
Operating Costs 
 
Table 3.7 - Operating Cost Portion of 62.5 Foot Anhydrous Ammonia Applicator 
        
    
Year Fixed Variable Yearly  
 Cost Cost Expense 
        
    
0  $                         -     $                         -     $                         -    
1  $                711.02   $            1,479.82   $            2,190.84  
2  $                711.02   $            2,163.93   $            2,874.94  
3  $                711.02   $            2,528.83   $            3,239.85  
4  $                711.02   $            2,799.37   $            3,510.39  
5  $                711.02   $            3,019.45   $            3,730.47  
        
    
 
 
 The calculations described in this section were pulled directly from the ASABE publication 
D497.4 (1999). Insurance and housing costs are the fixed costs listed in Table 3.7 and are calculated as:  
(
𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑃𝑟𝑖𝑐𝑒 + 𝑆𝑎𝑙𝑣𝑎𝑔𝑒 𝑉𝑎𝑙𝑢𝑒
2
) 𝑥 0.01 
This cost is one percent of the average market value of the equipment. The insurance and housing costs 
for the anhydrous ammonia applicator are calculated as:  
(
$104,413.50 + $37,790.42
2
) 𝑥 0.01 = $711.02 
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Labor expenses for motored equipment are variable and are calculated as:  
(𝐴𝑛𝑛𝑢𝑎𝑙 𝑀𝑎𝑐ℎ𝑖𝑛𝑒 𝐻𝑜𝑢𝑟𝑠 𝑥 (𝐻𝑜𝑢𝑟𝑙𝑦 𝑊𝑎𝑔𝑒 𝑥 1.1)) or (54 𝑥 ($17 𝑥 1.1)).  
Annual labor costs for such a machine are 110% of the wage multiplied by the hours. When calculating 
the NPV for a tractor, 300 annual machine hours are used while a self-propelled applicator NPV 
calculation will use a calculated annual hours of operation. This formula is based upon speed of 
application, width of the applicator boom, and the field efficiency of the machine. Annual fuel and oil 
costs are also variable and are associated with motored equipment only. In the case of the 62.5 foot 
applicator, a fuel and oil cost is not used for the NPV calculation. This annual cost is calculated as:  
((𝐴𝑛𝑛𝑢𝑎𝑙 𝑀𝑎𝑐ℎ𝑖𝑛𝑒 𝐻𝑜𝑢𝑟𝑠 𝑥 𝐹𝑢𝑒𝑙 𝑈𝑠𝑎𝑔𝑒 𝑃𝑒𝑟 𝐻𝑜𝑢𝑟 𝑥 (𝐹𝑢𝑒𝑙 𝑃𝑟𝑖𝑐𝑒 𝑃𝑒𝑟 𝐺𝑎𝑙𝑙𝑜𝑛 𝑥 1.1) 
Annual machine hours are assumed to be 300 for tractors but like labor, self-propelled applicators use a 
calculated annual machine hour number based off of speed, width, and field efficiency. Fuel usage per 
hour for both tractors and self-propelled applicators is calculated as PTO horsepower times a factor of 
4.8%(Colorado State University Extension, 1998).  Fuel and oil costs associated with motored equipment 
is equal to 110% times the per gallon price of fuel times fuel usage per hour times the annual machine 
hours. 
 Annual repair costs are also calculated based upon the type of equipment. The calculation used 
to determine equipment repair costs is drawn from the American Society of Agricultural and Biological 
Engineers. This ASABE calculation is intended to be within 25% of actual repair costs of maintaining a 
machine in good working condition (ASAE D497.4, 1999). Repair factors are provided by ASABE and vary 
by equipment type. The full calculation is broken down into three parts. Part 1 is a formula to calculate 
(X) which represents an accumulated hours factor that will be used in the following formula to calculate 
the total accumulated repairs (TAR). Total accumulated repairs in Part 2, represent the repairs needed 
over the cost of ownership and are dependent on repair factors listed be the ASABE for each type of 
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machinery. The formula for calculating the annual repairs of a piece of machinery is listed in Part 3 and 
takes into account the TAR, new cost of the equipment, and the years owned. 
1. (𝑋) =
𝐴𝑛𝑛𝑢𝑎𝑙 𝐻𝑜𝑢𝑟𝑠 𝑈𝑠𝑒𝑑 𝑥 𝑂𝑤𝑛𝑒𝑟𝑠ℎ𝑖𝑝 𝑃𝑒𝑟𝑖𝑜𝑑 𝑖𝑛 𝑌𝑒𝑎𝑟𝑠
1000
.  
2. 𝑇𝐴𝑅 = 𝑅𝑒𝑝𝑎𝑖𝑟 𝐹𝑎𝑐𝑡𝑜𝑟 1 𝑥 (𝑋)𝑅𝑒𝑝𝑎𝑖𝑟 𝐹𝑎𝑐𝑡𝑜𝑟 2.  
3. 𝐴𝑛𝑛𝑢𝑎𝑙 𝑅𝑒𝑝𝑎𝑖𝑟𝑠 = 𝑁𝑒𝑤 𝐶𝑜𝑠𝑡 𝑥 
𝑇𝑜𝑡𝑎𝑙 𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑅𝑒𝑝𝑎𝑖𝑟𝑠(𝑇𝐴𝑅)
𝑌𝑒𝑎𝑟𝑠 𝑂𝑤𝑛𝑒𝑑
. 
All three parts can be combined to form the annual repairs calculation. For example, year one of repair 
costs for the anhydrous ammonia applicator is calculated as (0.63 𝑥 ((
54
1000
)
1.3
) 𝑥 $104,413.50 =
$1,479.82.  
 The yearly expense listed in Table 3.7 is simply the summation of the fixed and variable costs 
described throughout this section. Yearly expenses will be used throughout the NPV calculation for tax 
considerations. 
Tax Payments 
 Table 3.8 provides this tax related information such as yearly tax depreciation, after-tax book 
value, and before-tax book value as well as the salvage value for the 62.5 foot anhydrous applicator. Tax 
depreciation is based on a 7 year MACRS depreciation schedule (IRS, 2016). Each year, the purchase 
price is multiplied by a depreciation factor based on the year in which the depreciation is being 
recorded. Year one combines both the purchase price and the Section 179 deduction of $20,000 and 
multiplies it by the year one factor of 0.1429. The results of this thesis include both a tax benefit and 
non-tax benefit calculation for each method of application in order to fully understand the weight of tax 
savings.  
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Table 3.8 - Tax Consideration Portion of 62.5 Foot Anhydrous Ammonia Applicator 
          
     
Year Tax  After-Tax Before-Tax  Salvage 
 Depreciation Book Value Book Value Value 
          
     
0  $                         -     $       104,413.50   $       104,413.50   $                         -    
1  $         31,936.55   $         72,476.95   $         92,476.95   $                         -    
2  $         25,570.87   $         46,906.08   $         66,906.08   $                         -    
3  $         18,261.92   $         28,644.16   $         48,644.16   $                         -    
4  $         13,041.25   $         15,602.92   $         35,602.92   $                         -    
5  $            9,324.13   $            6,278.79   $         26,278.79   $         37,790.42  
          
     
 
 The book value of the equipment is calculated for each year, as equipment will lose its value 
over time due to normal wear and tear. The book value in year zero is that of the purchase price. Each 
subsequent year has a book value based off of the previous year’s book value, less the tax depreciation 
for the current year. Tax depreciation decreases year after year, thus meaning that the book value 
decreases by less each year. The book value is equal to the purchase price less the accumulated tax 
depreciation.  
 Table 3.9 represents after-tax and before-tax balancing charge as well as a yearly tax reduction. 
Depreciation accumulates over the five years of ownership but is not fully depreciated based on the 
seven year MACRS depreciation. The balancing charge is depreciation recapture and is calculated as: 
𝐵𝑎𝑙𝑎𝑛𝑐𝑖𝑛𝑔 𝐶ℎ𝑎𝑟𝑔𝑒 = [(𝑆𝑎𝑙𝑣𝑎𝑔𝑒 𝑉𝑎𝑙𝑢𝑒 − 𝐵𝑜𝑜𝑘 𝑉𝑎𝑙𝑢𝑒) 𝑥 (𝑀𝑎𝑟𝑔𝑖𝑛𝑎𝑙 𝑇𝑎𝑥 𝑅𝑎𝑡𝑒 −
𝑆𝑒𝑙𝑓 𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 𝑇𝑎𝑥 𝑅𝑎𝑡𝑒)] in the period the equipment is sold. Depreciation recapture is the gain 
from selling the depreciable property of equipment. This balancing charge is then used to calculate the 
tax reduction for that year. 
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Table 3.9 - Tax Consideration Portion of 62.5 Foot Anhydrous Ammonia Applicator 
        
    
Year After-Tax Before-Tax Tax 
 Balancing Charge Balancing Charge Reduction 
        
    
0  $                           -     $                           -     $                           -    
1  $                           -     $                           -     $           13,042.49  
2  $                           -     $                           -     $           10,933.25  
3  $                           -     $                           -     $              8,385.41  
4  $                           -     $                           -     $              6,507.32  
5  $              5,908.43   $              2,158.43   $               (794.05) 
        
    
 
Tax reduction each year is then calculated based upon the interest payment, tax depreciation, 
yearly expenses, balancing charge and marginal tax rate for each year. This eligible yearly tax reduction 
is calculated as: 
 [(((𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑃𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝐿𝑜𝑎𝑛 𝑃𝑎𝑦𝑚𝑒𝑛𝑡 + 𝑇𝑎𝑥 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 + 𝑌𝑒𝑎𝑟𝑙𝑦 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠) 𝑥 34.05%) −
𝐵𝑎𝑙𝑎𝑛𝑐𝑖𝑛𝑔 𝐶ℎ𝑎𝑟𝑔𝑒)] 
The balancing charge is not calculated until the final year of ownership in this calculation. In each year, 
the sum of interest payments, tax depreciation, and yearly expenses is multiplied by the marginal tax 
percentage less the after-tax balancing charge. The total tax reduction over the five years of ownership 
is $38,074.41.  
After-Tax Cash Flow and Net Present Value Formulas 
 The after-tax cash flow gives us a cash flow that is not yet adjusted for the time value of money. 
After-tax cash flow is calculated as:  
[𝐿𝑜𝑎𝑛 𝑃𝑎𝑦𝑚𝑒𝑛𝑡 + 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡𝑠 + 𝐵𝑎𝑙𝑎𝑛𝑐𝑖𝑛𝑔 𝐶ℎ𝑎𝑟𝑔𝑒 − 𝑆𝑎𝑙𝑣𝑎𝑔𝑒 𝑉𝑎𝑙𝑢𝑒 − 𝑇𝑎𝑥 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛)] 
The cash flow information in Table 3.10 allows for the interpretation of how this applicator costs the 
owner each year and is valuable for estimating average yearly costs.  
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Table 3.10 - Cash Flow Portion of 62.5 Foot 
Anhydrous Ammonia Applicator 
      
   
Year After-Tax Before-Tax 
 Cash Flow Cash Flow 
      
   
0  $         20,882.70   $         20,882.70  
1  $            3,584.13   $         16,626.62  
2  $            6,377.48   $         17,310.72  
3  $            9,290.23   $         17,675.63  
4  $         11,438.85   $         17,946.17  
5  $        (18,830.12)  $        (19,624.17) 
      
   
 
 Taking this calculation one step further to include a present value factor gives a present value 
after-tax cash flow for each year. Calculating the present value factor depends on the after-tax discount 
rate which is loan interest rate times one minus the marginal tax rate. The present value factor formula 
is as follows: (
1
1+.033
)
𝑌𝑒𝑎𝑟
 
Table 3.11 - Present Value(PV) Cash Flow Consideration 
Portion of 62.5 Foot Anhydrous Ammonia Applicator 
        
    
Year Present Value PV of After- PV of Before- 
 Factor Tax Cash Flow Tax Cash Flow 
        
    
0 1.0000  $          20,882.70   $          20,882.70  
1 0.9681  $            3,469.72   $          16,095.86  
2 0.9372  $            5,976.81   $          16,223.16  
3 0.9073  $            8,428.63   $          16,036.35  
4 0.8783  $          10,046.70   $          15,762.05  
5 0.8503  $        (16,010.47)  $        (16,685.62) 
        
    
The present value for a time-period is multiplied by the after-tax cash flow of the same period to 
determine the present value of the after-tax cash flow. The series of calculations listed above have 
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driven the analysis to this point. Now, each year has a depreciation, tax, and time value adjusted cash 
flow assigned to it. For the purpose of this research, this calculation is not enough. The yearly present 
value of the after-tax cash flow over five years including year zero, is $32,794.07 at a 3.30% discount 
rate. This total is then used for an annual equivalent cash flow.  
Annual Equivalent Cash Flow 
Annual equivalent cash flow is a calculation that takes both the average present value of after-
tax cash flow and the after-tax discount rate and determines an adjusted annual cost of the equipment.  
These are the numbers that will be compared in Tables in the result chapter. The annual equivalent cash 
flow is calculated as:  
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑃𝑉 𝐴𝑓𝑡𝑒𝑟𝑇𝑎𝑥 𝐶𝑎𝑠ℎ 𝐹𝑙𝑜𝑤 𝑥 
𝐴𝑓𝑡𝑒𝑟𝑇𝑎𝑥 𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑅𝑎𝑡𝑒 𝑥 (1 + 𝐴𝑓𝑡𝑒𝑟𝑇𝑎𝑥 𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑅𝑎𝑡𝑒𝑌𝑒𝑎𝑟𝑠 𝐵𝑒𝑓𝑜𝑟𝑒 𝑆𝑜𝑙𝑑)
(1 + 𝐴𝑓𝑡𝑒𝑟𝑇𝑎𝑥 𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑅𝑎𝑡𝑒)𝑌𝑒𝑎𝑟𝑠 𝐵𝑒𝑓𝑜𝑟𝑒 𝑆𝑜𝑙𝑑 − 1
 
This formula can be thought of as a completely adjusted average cost of owning the equipment each 
year. The after-tax discount rate is used in the calculation to determine this tax and time adjusted yearly 
cash flow of $7,221.67.  
While this figure is telling in terms of the influence tax benefits and time value have on 
equipment cost, the most important figure is that of a per acre cost. Dividing the after-tax annual 
equivalent cash flow by the yearly acres having nitrogen applied to yields a per ace equivalent cash flow 
cost. This after-tax per acre cost of purchasing and owning the 62.5 foot wide anhydrous applicator for 
spring application is $3.61.  
The 62.5 foot applicator that has a list price of $116,015 can be thought of in an actual cost of 
$3.61 per acre if applying nitrogen over 2,000 acres for five years. If the farm size increases then the per 
acre costs will decrease. This cost can be influenced in a number of ways but should be considered the 
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best representation of the applicator equipment cost a farmer faces when applying spring pre-plant 
nitrogen on 2,000 acres. 
 While an all-inclusive calculation is provided, a non-tax benefit calculation was also performed 
to show how tax related calculations and savings affect the per acre cost of the application. In all 
instances, including tax savings such as Section 107 deduction and tax depreciation has positive benefits 
on the per acre cost of each type of application.    
 
3.4 Methodology for Calculating Probability 
Establishing the adjusted net cost of owning nitrogen application equipment is half of the 
objective of this research. Knowing how many acres are able to be covered in an average year with 
varying equipment size is equally as important to equipment owners. More acres covered will reduces 
the per acre cost of applying nitrogen.  However, as the planed acres covered increases, the probability 
of completing this acreage level goes down as there is not enough days available to complete 
operations. To develop a confidence level, field workday probabilities were established for East Central 
Illinois farms. 
A field workday is defined as any day in which weather allows field operations to take place. This 
information is ultimately used to determine a long-term average of the amount of time available for 
fieldwork within a period. The number of days available in turn affects the amount of acres with a 
certain probability of completion. 
The National Agricultural Statistics Service (NASS) publishes field workday probabilities for each 
week of the year between April 1st and November 15th. Field workday data is published by state officials 
as the number of days per week that field conditions were favorable enough to complete some type of 
machine work. This data is published for nine different areas in the state of Illinois as well as in many 
other regions of the United States. With the University of Illinois situated in Urbana-Champaign, this 
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research has used the East Central region data for Illinois. Field workdays have been recorded for each 
region dating back to the year 1980. With 35 years of field workday data between April 1st and 
November 15th, a sufficient sample size has been established to determine an average weekly field 
workday. 
In this research, there have been four nitrogen application periods established; fall, pre-plant, 
post-plant, and late season application as well as a calculation for the combination of fall and spring 
periods. Fall and pre-plant periods are outside of the range of published NASS field workday data and 
will be addressed using a binomial distribution with an average probability of completion. This binomial 
distribution was developed by extrapolating existing NASS field workday data out beyond the April 1st 
and November 15th. A trend appeared and the probabilities used for the binomial distribution were 
rounded. 
Post-plant and late season application of nitrogen take place from May 13th through June 9th and 
June 10th through June 30th, respectively. Each period has been established as an average range of 
typical application in Eastern Illinois based off of general corn plant maturity and fertilizer needs. These 
periods use the NASS field workday data directly to form the distribution of workday probabilities. 
3.4.1 Fall 
As mentioned above, fall and pre-plant application periods did not fall within the NASS field 
workday period. The fall anhydrous period has been determined to begin November 6th as that is the 
day in which soil temperature falls below 50 degrees Fahrenheit on average according to hourly soil 
temperature data from Illinois State Water Survey (ISWS). With anhydrous ammonia becoming unsTable 
at temperatures above 50 degrees, application after the temperature stays below 50 degrees is 
suggested to insure the most amount of plant available nitrogen is in the field the following growing 
season (Sawyer, 2001). The fall application period has been bound at December 7th on average, as this is 
the point soil temperature falls below 38 degrees and a date in which much of the fall application has 
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been completed. There are 32 total days in this period. As NASS field-workday data is not available, 
overall field workday probability has been calculated to be 66%. In other words, 2/3 of the days will be 
field workdays, as rainfall in the fall prohibits field activity much less of the time than in the pre-plant 
period. As there is no established distribution of field workdays, a binomial distribution was created for 
the 32 days based on the 66% probability. The formula used for this calculation is as follows.  
Equation 3.1 – Binomial Probability Equation 
 P(k out of N) = 
N! 
 
k!(N-k)! 
(pk)(qN-k) 
 
Cumulative probabilities were then used to determine the probability of completing application on 
varying farm sizes. A binomial probability calculation is given in section 3.4.6 for the pre-plant time-
period. An identical calculation was made for the fall time-period, with a 66% probability. 
3.4.2 Pre-Plant 
Much like the fall anhydrous period, the spring did not have NASS data available. With early 
spring application, comes increased weather variability due to spring rains. As anhydrous ammonia 
needs to be applied in fit and cool soils and two weeks before planting begins. Soil temperatures at four 
inches depth under bare soil rise above 50 degrees on March 31th on average. If planting into fields 
freshly fertilized with anhydrous ammonia, the grower risks corn seed injury as the nitrogen can harm 
the seed if placed too close. For these reasons, a period of March 15th through March 30th has been 
chosen for spring pre-plant application of anhydrous ammonia. Like the fall period, a binomial 
distribution had to be established to determine how many acres can be covered in an allotted amount 
of time. The total field workday probability for this 17 day period has been established as 25% which is a 
1/4 chance of a day being a workday. This equates to 4.25 days out of 17 that will be a field workday in 
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the spring. Section 3.4.6 gives an in depth binomial calculation for a 62.5 foot anhydrous applicator in 
the pre-plant time-period.  
3.4.3 Fall/Pre-Plant Combination 
A combination period has been chosen for nitrogen application costs that includes both the fall 
and pre-plant probability of completing application over the total period of 49 days. As many equipment 
owners apply some nitrogen in the fall and some in the pre-plant time-periods, a breakdown of costs 
spread over these two periods will likely establish the lowest per acre cost of ownership due to the 
increased probability of working more days ahead of a single cropping season.  
As the fall probability and pre-plant probability of a day being a workday are substantially 
different, more weight was given to the fall time-period when establishing a combination probability. 
The combination period binomial was developed using a 66% probability, as another probability was not 
easily supported through historical weather data. 
3.4.4 Post-Plant 
Post-plant application of anhydrous ammonia or liquid nitrogen is done before the plant reaches 
the V6 growth stage which is 24-30 days after plant emergence. There is a 28 day period of application 
between May 13th and June 9th that was analyzed to determine the total number of field workdays 
available in each year. Those years with field workdays attached were then sorted from smallest total 
number of days available to largest and are listed in Table 3.12.  
Out of 28 days, 1996 had the least available days with just 5.3 while 2005 had 24.7. The 
variability in available field workdays is completely weather dependent. Rainfall affects soil moisture and 
machine tractability as well as nitrogen efficiency in the soil. By sorting these years, a distribution has 
been established to begin the process of computing a field workday probability. The post-plant 
application period has an average probability of 56% that each day is a workday. This yearly probability 
data is used to determine the probability of completing a total number of acres of nitrogen application 
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in this period with different sized applicators. To calculate the exact probability of completing a set 
number of acres in the post-plant time-period, follow the exact steps listed in section 3.4.6 for a pre-
plant probability, but instead substitute the workday data listed in Table 3.12. 
3.4.5 Late Season 
 Late season application of liquid nitrogen fertilizer in standing corn is a relatively new practice 
that has become popularized due to both machinery innovation and knowledge of plant nutrient needs. 
The period of June 10th through June 30th has been chosen based upon the general knowledge that plant 
height becomes prohibitive to post-plant application near June 10th and a combination of plant height 
and lowered plant utilization bound the period to June 30th. The field workday data from NASS for this 
period is organized in Table 3.13. The field workday period is established as 21 total days with the least 
available days being recorded in 2015 with 2.8 and the most available coming in 1991 with 20.5 days. In 
Eastern Illinois, 2015 saw record rainfall in the month of June which shows how field workdays are then 
directly affected. Like the post-plant period, the yearly field workday probability is established by first 
sorting the years from smallest to largest and then determining a yearly probability of a day being a 
workday.  
To calculate the exact probability of completing a set number of acres in the late season time-
period, follow the exact steps listed in section 3.4.6 for a pre-plant probability, but instead substitute the 
workday data listed in Table 3.13. This will at first result in a cumulative probability of not completing 
the work, which can then be converted to the probability of completing fieldwork by one less the 
cumulative probability of not completing the work. 
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Table 3.12 – Post-Plant Workdays   Table 3.13 – Late Season Workdays 
Post-Plant Application  Late Season Application 
May 13th - June 9th   June 10th - June 30th 
Years Days Probability  Years Days Probability 
1996 5.3 97.14%  2015 2.8 97.14% 
1995 9 94.29%  2010 4.1 94.29% 
2010 10.3 91.43%  1998 7.2 91.43% 
2008 10.5 88.57%  1993 10 88.57% 
1981 11 85.71%  1996 10.8 85.71% 
2001 11.4 82.86%  1981 11.5 82.86% 
1990 11.5 80.00%  1997 11.8 80.00% 
2006 11.5 77.14%  2000 11.8 77.14% 
2014 12.2 74.29%  2004 11.8 74.29% 
2004 12.7 71.43%  2014 11.8 71.43% 
1983 13 68.57%  2013 11.9 68.57% 
1986 13 65.71%  2009 12 65.71% 
2013 13.8 62.86%  2011 12 62.86% 
2002 14 60.00%  1990 12.5 60.00% 
2011 14.1 57.14%  1999 12.7 57.14% 
2003 14.7 54.29%  1985 14 54.29% 
2015 14.8 51.43%  1986 14 51.43% 
1997 14.9 48.57%  2003 14.4 48.57% 
1982 15 45.71%  1982 15 45.71% 
1984 15 42.86%  1995 15 42.86% 
1989 15.5 40.00%  2002 15.6 40.00% 
1991 15.5 37.14%  2001 16.3 37.14% 
2000 16.3 34.29%  1992 16.5 34.29% 
1999 16.5 31.43%  1987 17 31.43% 
2009 17.2 28.57%  1994 17 28.57% 
1998 18.2 25.71%  2007 17.3 25.71% 
1993 18.5 22.86%  1983 17.5 22.86% 
1987 19 20.00%  1989 18 20.00% 
1985 21.5 17.14%  2008 18.2 17.14% 
2012 21.5 14.29%  2006 18.4 14.29% 
1994 23 11.43%  1984 18.5 11.43% 
2007 23.4 8.57%  2005 18.6 8.57% 
1988 24 5.71%  2012 19.2 5.71% 
1992 24.5 2.86%  1988 20.5 2.86% 
2005 24.7 0.00%  1991 20.5 0.00% 
   
 
 
40 
 
3.4.6 Example Probability Calculation 
 When considering the 2,000 acre nitrogen application in the pre-plant window with a 62.5 foot 
applicator, the probability of application completion is inherently low due to inclement weather being 
typical in the spring months. In Table 3.14 we can see how probability of completion falls as days needed 
for completion increases.  
 
Table 3.14 – Calculation of Probability for Varying Acres 
 Beginning End 0.25 Probability (p)  
 15-Mar 31-Mar 17 Days Available  
Pre-Plant Anhydrous Ammonia - 62.5 Ft. Applicator 
    Cumulative Probability of 
Days Hours Acres Probability Probability Completion 
0 0 0 0.75% 0.75% 99.25% 
1 10 370 4.26% 5.01% 94.99% 
2 20 740 11.36% 15.62% 83.63% 
3 30 1110 18.93% 34.55% 64.70% 
4 40 1480 22.09% 56.64% 42.61% 
5 50 1850 19.14% 75.78% 23.47% 
6 60 2220 12.76% 88.54% 10.71% 
7 70 2590 6.68% 95.22% 4.02% 
8 80 2960 2.79% 98.01% 1.24% 
9 90 3330 0.93% 98.94% 0.31% 
10 100 3700 0.25% 99.19% 0.06% 
11 110 4070 0.05% 99.24% 0.01% 
12 120 4440 0.01% 99.25% 0.00% 
13 130 4810 0.00% 99.25% 0.00% 
14 140 5180 0.00% 99.25% 0.00% 
15 150 5550 0.00% 99.25% 0.00% 
16 160 5920 0.00% 99.25% 0.00% 
17 170 6290 0.00% 99.25% 0.00% 
 
 In the pre-plant application period of March 15th through March 31st, the probability of a day 
being a work day has been established to be 25%. There are 17 total days potentially available for 
application. Each of these days are assumed to have 10 hours of available time to work. With a 62.5 feet 
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wide applicator, 37 acres can be applied to per hour. To set up the binomial probability for these 17 
days, the formula in Equation 3.2 shows how the calculation is made.  
For example, the probability (P) of having four days out of 17 be a field workday is calculated in 
Equation 3.2 to be 22.09%. Probability (P), number of days (N), days for which probability is being 
calculated (k), and probability of a day not being a field work day (q) are the variables included in this 
calculation. This calculation has been made for each day in the range between 0 and 17. The cumulative 
probability for that number of days is calculated as the summation of the day in question as well as the 
prior number of days. For the cumulative probability of four days being field workdays, the individual 
probabilities of one, two, three, and four days have been added. There is a 56.64% cumulative 
probability of four days out of 17 being field workdays. 
 
Equation 3.2 – Example Binomial Probability Equation 
 P(4 out of 17) = 
17! 
 
4!(17-4)! 
(0.254)(1-0.2517-4) = 22.09% 
 
To calculate the probability of applying nitrogen to 2,000 acres, it must be calculated how many 
10 hour workdays are required for application. Covering 37 acres per hour with the 62.5 foot applicator, 
it will take between 5 and 6 days to complete application. To place an exact probability on 2,000 acres, 
several more calculations must be made. First, the cumulative probability after 5 days is subtracted from 
the cumulative probability of the 6th day. This results in 12.76%. This percentage is divided by 370 acres 
to come up with 0.000345, which can be thought of the marginal probability per acre between day 5 
and day 6. This figure is multiplied by 2,000 less the acres covered through day five which results in 
5.17%. This percentage along with the cumulative probability through day (5.17% + 75.78% =
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80.95%), which is the probability the completion will not be completed.  To reach the probability of 
completion, 80.95% is simply subtracted from 1. The result is a 19.05% probability of completing 2,000 
acres of nitrogen application in the 17 day window of spring application. 
With a 62.5 foot wide applicator, the application will be completed in 19.05% of the years in 
which application is attempted. Some application would undoubtedly be forced into another time-
period. Application completion in only 1/5 of the years forces many farmers to plan accordingly by 
applying nitrogen in the fall and/or later in the season. This example probability calculation can be 
repeated for each of the farm sizes as well as each of the time-periods. 
 
3.5 Additional Costs of Sample Farm 
3.5.1 Breakdown of Costs 
 In addition to the per acre applicator costs, the farmer must consider the per acre cost of 
owning and operating a tractor that will pull the applicator. The same per acre equivalent cash flow was 
performed for a John Deere 7250R and 8320R tractor. Tractor costs take into account different factors in 
calculating several of the considerations. One of those factors is that the tractor will be used for 300 
hours of field operation, regardless of operation type. The after-tax tractor costs were established to be 
$2.14 per acre and $79.37 per hour for the 8320R tractor, as 37.12 acres per hour are covered by the 
62.5 foot wide applicator. In addition to the equipment costs, nitrogen fertilizer costs must be taken into 
consideration.  
 
3.5.2 Fertilizer Costs - Historical Nitrogen Data 
 Equipment cost is central in this research. To tell the complete story of total nitrogen application 
costs, fertilizer costs must also be factored in. Historical nitrogen price data from Gary Schnitkey at the 
University of Illinois helps to develop the big picture. Cost data is tallied from 2009 through 2015, which 
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represents a new era of higher input costs. Anhydrous ammonia (82%) and liquid (28%) nitrogen 
fertilizer vary in both active nitrogen content and cost. A per pound cost of nitrogen has to be adjusted 
in Table 3.15 to account for the active nitrogen content, which includes dividing the per ton cost before 
multiplying it by the associated percentage.  
  
  
 
Along with nitrogen cost data, there must be a suggested rate that is used that establishes the 
per acre cost of fertilizer. Iowa State University publishes a Maximum Return to Nitrogen (MRTN) 
calculator in which a region, grain price, and fertilizer type is selected. From this, a suggested rate of 170 
pounds of anhydrous ammonia and 156 pounds of 28% fertilizer have been used for Eastern Illinois. 
With a suggested rate and a per pound average cost, a total cost per acre for the fertilizer can be added 
to equipment costs in each period. 
 
3.6 Summary 
In Chapter 3, the methods are established for a net present value calculation as well as the 
probabilities of application across the nine cases. The calculations developed in Chapter 3 are used for 
each case and reported in Chapter 4. These results are the culmination of many established assumptions 
and inputs. Chapter 3 can be used for future research that seeks to further study nitrogen application or 
other forms of machinery economics. 
 
 
 
 
Table 3.15 – Historical Nitrogen Data 
 Average Price (Per lb.) 
Anhydrous Ammonia $0.45 
Liquid N (28%) $0.61 
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Chapter 4 
Results 
 
4.1 Introduction  
Using the methodology described in the previous chapter, results were derived and will be 
presented in this chapter. These results include before and after-tax per acre costs of nitrogen 
application. Included with costs are per acre costs of the corresponding tractor, if a tractor is needed to 
pull the equipment. The costs associated with tractor ownership and operation are also shown 
separately. Chapter 4 also includes the probability of completion associated with each of these costs and 
acre sizes. Within each case, the acres associated with a near 50% probability of completion will be 
listed along with the before and after tax per acre costs of completing application. The acres and costs 
associated with the highest and lowest probability of completion are then described. Each case 
discussed includes a table with several acre sizes. Also included in this results chapter is the costs and 
probabilities of the combination period of application.  
 
4.2 Tractor Costs of Nitrogen Application  
Tractors are necessary parts to the nitrogen application equation. For each size of applicator, there 
are different horsepower requirements to pull the implement. Below are the costs of owning two 
common tractors used in production agriculture. The 7 series tractor has been determined to most 
closely fit the 30 foot nitrogen applicators while the 8 series is well suited for the larger 60 foot 
applicator. 
At 205 power take-off (PTO) horsepower, the Deere 7250R is listed at $256,000. The before tax cost 
per hour using 300 hours of use per year over 5 years of ownership, is $126.32. This same tractor after 
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tax considerations is associated with a per hour cost of $62.41. Tax considerations effectively reduced 
the total cost per hour to half of the before tax consideration cost.  
The larger 269 PTO horsepower 8320R tractor has a list price of $341,000. This cost is associated 
with a $161.30 per hour cost of ownership and operation. Like the smaller 7250R, the 8320R cost is 
nearly half of the before tax per hour cost at $79.37. This tractor is used for larger equipment, such as 
the 60 and 62.5 foot applicators in the evaluation. 
Table 4.1 Tractor Per Hour Costs of Completing Work with Two Common Tractors 
                
        
 Tractor Horsepower Costs Cost  
 Model  Before-Tax After-Tax  
                
        
    $/Hour $/Hour  
 7250R 205 PTO HP  126.32  62.41  
 8320R 269 PTO HP  161.30  79.37  
                
 
Per hour costs are not sufficient to determine the cost of applying nitrogen. Using the size of 
each applicator studied, the speed of application, and relative field efficiency associated, an acres per 
hour figure has been determined. The 30 foot liquid applicator is able to apply at 17.82 acres per hour 
while its larger counterpart, the 60 foot applicator applies at 35.64 acres per hour. The 47.5 foot 
anhydrous applicator applies over 28.21 acres per hour. The largest applicator, the 62.5 foot anhydrous 
applicator covers 37.12 acres per hour.  
 Using the associated application per hour of each size of applicator and the per hour costs, both 
before and after-tax considerations, there is a resulting per acre cost of running the tractor. This cost is 
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only determined for the first three seasons of application, as the late season application does not 
require a tractor for propulsion.  
 The 30 foot applicator has a before-tax per acre cost of $7.09 while the after-tax considerations 
cost is $3.50 per acre. Increasing size to 60 feet of application area, results in a before-tax tractor cost of 
$4.53 per acre, with a $2.23 after-tax considerations cost. Tractor costs for the 47.5 foot applicator are 
$4.48 per acre before-tax and $2.21 after-tax considerations. The largest applicator demands the larger 
tractor and results in a per acre cost of $4.35 before tax and $2.14 after-tax. Tractor costs range from 
approximately $4 to $7 per acre before-tax and $3.50 to $2 after-tax considerations. Included in each of 
the per acre costs of Table 4.3 through Table 4.11 are the per acre costs of operating the associated 
tractors, listed in Table 4.2. 
 
 
 
 
 
 
 
 
 
 
Table 4.2 Tractor Per Acre Costs of Completing Work with Four Common 
Nitrogen Applicators 
                
        
 Tractor Applicator Costs Cost  
 Model Type Before-Tax After-Tax  
                
        
    $/Acre $/Acre  
 7250R 30 Foot AA & UAN 9.92  4.90  
 8320R 60 Foot AA & UAN 6.34  3.12  
 7250R 47.5 Foot Anhydrous 4.48  2.21  
 8320R 62.5 Foot Anhydrous 4.35  2.14  
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4.3 Results of Nine Cases 
4.3.1 Case 1 – Fall Anhydrous Ammonia with a 47.5 Foot Applicator 
The first case is shown in Table 4.3 and is a 47.5 foot wide anhydrous bar that will be able to 
complete 5,750 acres per fall season in 51.99% of the years. With a 51.99% probability of completion, 
5,750 acres can be applied to with a before-tax cost of $8.40 per acre and an after-tax cost of $4.37 per 
acre. 
For an operation applying nitrogen on 4,250 acres, there is a 97.5% probability of being able to 
complete application. As acreage covered increases, the percent of years the work is completed in goes 
down.  Once over the 6,750 acre size, the chance of completing application with this sized applicator is 
9.5%.  
Fall application of anhydrous ammonia exhibits a high level of probability for a large number of 
acres being completed which contributes to a lower per acre cost of application. This cost of such 
application is vital to farming operations. When covering 4,250 acres in the fall with a 47.5 foot 
anhydrous applicator, the before-tax cost of application is $8.90 per acre. These costs are only 
application related and do not reflect any cost of the product being applied. Applying at 7 MPH, with a 
field efficiency of 70% allows for as much as approximately 7,250 acres with this applicator and has an 
associated before-tax cost of $8.14 per acre.  
The net present value calculation provides a tax adjusted per acre cost for each farm size. Application 
over 4,250 acres in the fall costs $4.55 per acre after-tax considerations. The largest farm size is 7,250 
with an after-tax cost of $4.29 per acre. 
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Table 4.3 Per Acre Costs and Probability of Completing Work for a 47.5 Foot 
Anhydrous Ammonia Applicator During the Fall Time-Period 
        
        
 Acres  Costs Costs Probability of  
 Covered Before Tax After Tax Completing acres  
        
        
  $/acre  $/acre    
 4250 8.90  4.55  97.5%  
 4750 8.68  4.47  91.1%  
 5250 8.52  4.41  75.7%  
 5750 8.40  4.37  52.0%  
 6250 8.30  4.34  27.0%  
 6750 8.21  4.31  9.5%  
 7250 8.14  4.29  2.1%  
        
*Before-Tax and After-Tax Figures Include Per Acre Applicator and Tractor Costs 
 
4.3.2 Case 2 – Fall Anhydrous Ammonia with 62.5 Foot Applicator  
The results of the larger 62.5 foot fall anhydrous ammonia application case study are described 
based on Table 4.4. With this large applicator 7,500 acres can be applied 55.89% of the time while the 
same percentage with a smaller applicator, yields 1,750 less acres of application. The before-tax cost of 
$7.80 per acre is associated with the 55.89% probability of application completion. The after-tax per 
acre cost for the same probability is $4.05. 
For instance, the percent chance of completing application on 6,500 acres with a 47.5 ft. 
applicator is between 27.02% and 9.50% while the same acreage can be applied with 86.80% certainty 
with the larger 62.5 ft. applicator. With a large applicator, 6,000 acres can be applied 94.52% of the time 
while that percentage drops below 10% after reaching 9,000 acres of application. With the larger, 62.5 
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ft. wide anhydrous applicator in the fall time-period, there are higher chances of completing the work 
on the same number of acres. 
By increasing the size of the applicator to 62.5 feet from 47.5 feet, the initial cost of the 
applicator rises. However, per acre costs are lowered due to the increased ability to cover more acres 
with each pass. The before-tax cost per acre of 6,000 acres is $8.11. A similar acreage figure with the 
smaller anhydrous bar yields $8.30 per acre over 6,250 acres. With the larger applicator, more acreage 
can be covered with certainty and as a result, the costs of the equipment can then be spread over more 
acres. Before-tax considerations, there is a $7.61 per acre cost associated with 9,000 acres of fall 
application with a 62.5 foot applicator. 
The 62.5 foot wide applicator results in an after-tax per acre cost of the equipment between 
$4.17 and $3.99 per acre. Completing 6,000 acres in the fall costs $4.17 per acre. A fall application size 
of 9,000 acres is associated with a cost of $3.99 per acre. 
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Table 4.4 Per Acre Costs and Probability of Completing Work for a 62.5 Foot 
Anhydrous Ammonia Applicator During the Fall Time-Period 
        
        
 Acres  Costs Costs Probability of  
 Covered Before Tax After Tax Completing acres  
        
        
  $/acre  $/acre    
 6000 8.11  4.17  94.5%  
 6500 7.98  4.12  86.8%  
 7000 7.89  4.09  74.0%  
 7500 7.80  4.05  55.9%  
 8000 7.73  4.03  36.3%  
 8500 7.67  4.01  19.2%  
 9000 7.61  3.99  8.3%  
        
*Before-Tax and After-Tax Figures Include Per Acre Applicator and Tractor Costs 
 
4.3.3 Case 3 – Pre-Plant Anhydrous Ammonia with 47.5 Foot Applicator  
 The results of the 47.5 foot pre-plant anhydrous ammonia case study are described based on 
Table 4.5. This time period has a 1,000 acre application size associated with a 52.8% probability of 
completion. The before-tax per acre cost of this probability of completion is $16.71. The same after-tax 
cost of the equipment is $7.77 per acre. 
With a 47.5 ft. nitrogen applicator, the greatest chance of completion application is 250 acres 
with a 96.20% probability. This probability falls below 10% at 1,750 acres. The same number of acres in 
the fall have nearly a 100% chance of completion. The small anhydrous ammonia applicator is less 
common across farms that require application to a large number of acres in the pre-plant time-period. 
Pre-plant application of anhydrous ammonia occurs with a low probability of completion. 
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The pre-plant time-period of anhydrous ammonia application presents a wide range of before-
tax per acre costs. This is a result of lower acre amounts covered and increased costs of owning the 
machinery for the sole purpose of applying nitrogen in before planting. There is a $49.12 per acre 
before-tax cost of owning the equipment if the equipment covers just 250 acres per year. At 1,750 acres, 
there is a before-tax cost of $12.15.  
The pre-plant period of anhydrous net present value calculation with tax considers results in 
sizable per acre cost savings compared to the before-tax analysis. With a 47.5 foot applicator, per acre 
after-tax costs are half of the before-tax figures associated with each given acreage size. When covering 
250 acres, the per acre cost associated is $21.90. Increasing the acres in the pre-plant period to 1,750 
acres results in a low chance of completion and a $5.87 after-tax per acre cost. 
Table 4.5 Per Acre Costs and Probability of Completing Work for a 47.5 Foot 
Anhydrous Ammonia Applicator During the Pre-Plant Time-Period 
        
        
 Acres  Costs Costs Probability of  
 Covered Before Tax 
After 
Tax Completing acres  
        
        
  $/acre  $/acre    
 250 49.12  21.90  96.2%  
 500 27.38  12.44  86.8%  
 750 20.21  9.33  71.5%  
 1000 16.71  7.77  52.8%  
 1250 14.51  6.67  34.5%  
 1500 13.12  6.24  19.7%  
 1750 12.15  5.87  9.8%  
        
*Before-Tax and After-Tax Figures Include Per Acre Applicator and Tractor Costs 
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4.3.4 Case 4 – Pre-Plant Anhydrous Ammonia with 62.5 Foot Applicator  
The results of the 62.5 foot pre-plant anhydrous ammonia case study are described based on 
Table 4.6. The 62.5 ft. applicator will cover 1,250 acres 57.1% of the time in the pre-plant period of 
application. The before-tax per acre cost of 1,250 acres is $15.53 while the after-tax per acre cost is 
$7.26. These per acre costs near the 50% probability of completion are high due to the low number of 
acres able to be covered with inclement pre-plant weather. 
By adding 15 ft. of applicator width compared to the 47.5 foot applicator, the probability of 
completing the work increased by just 0.92%. This is due in part to the short application window and the 
25% chance of each day being a workday during this time-period. With the 62.5 ft. anhydrous ammonia 
applicator, the chance of finishing application on 250 acres is 97.12%. With this larger applicator, the 
more acres applied have a higher probability of completion. For instance, the 47.5 ft. applicator falls 
below 10% at 1,750 acres while the 62.5 ft. applicator does not fall below 10% probability of completion 
until after 2,250 acres.  
By increasing the size of the applicator to 62.5 feet, the before-tax cost of the machinery 
increases. This cost is then spread over the acres and results in a higher per acre cost than the smaller 
applicator. Application on 250 acres is $55.70 per acre which compares to $49.12 per acre with the 
smaller machinery. With the 62.5 foot applicator, the before-tax per acre cost for 2,250 acres is $11.22. 
The after-tax per acre cost of applying anhydrous ammonia is substantially lower than the 
before-tax costs. Covering 250 acres with a 62.5 foot applicator costs $25.20 per acre after-tax 
considerations. At the top of the acreage range, 2,250 acres is associated with $5.47 per acre costs. 
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Table 4.6 Per Acre Costs and Probability of Completing Work for a 62.5 foot 
Anhydrous Ammonia Applicator During the Pre-Plant Time Period 
        
        
 Acres  Costs Costs Probability of  
 Covered Before Tax After Tax Completing acres  
        
        
  $/acre  $/acre    
 250 55.70  25.20  97.1%  
 500 30.43  13.94  91.8%  
 750 22.11  10.26  83.9%  
 1000 17.98  8.43  71.1%  
 1250 15.53  7.26  57.1%  
 1500 13.87  6.62  42.3%  
 1750 12.72  6.12  29.4%  
 2000 11.87  5.75  19.1%  
 2250 11.22  5.47  10.9%  
        
*Before-Tax and After-Tax Figures Include Per Acre Applicator and Tractor Costs 
 
 
4.3.5 Case 5 – Post-Plant Anhydrous Ammonia with 30 Foot Applicator  
The results of the 30 foot post-plant anhydrous ammonia case study are described based on Table 
4.7. Post-plant application of anhydrous ammonia takes place with separate machinery than the fall and 
pre-plant time-periods. The probability of completing 1,900 acres in this time period with a 30 foot 
applicator is 54.69%. The cost of application associated with 1,900 acres is $16.59 per acre before-tax 
considerations and $8.30 per acre after-tax considerations. 
Post-plant application comes with its own set of weather information that constricts the 
probability of application. The 30 foot applicator will cover 700 acres 97.08% of the time and 1,000 acres 
95.30% of the time. At 3,100 acres of application, the chance of completion is reduced to only 6.45%.  
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Post-plant application of anhydrous ammonia with a 30 foot applicator costs $22.60 per acre 
over 700 acres before-tax consideration. The same applicator costs $15.52 per acre over 3,100 acres 
without consideration for any tax benefits. Applying post-plant anhydrous ammonia at 5 MPH, with a 
70% field efficiency is a slower and thus more costly method of nitrogen application than other periods 
analyzed but provides nutrients to the corn plant closer to utilization. 
The cost of after-tax anhydrous ammonia application with the 30 foot applicator over 700 acres 
is $10.55 per acre. This application over 3,100 acres is associated with an after tax cost of $7.98 per acre. 
These after-tax costs are less than half of the before-tax per acre costs. 
Table 4.7 Per Acre Costs and Probability of Completing Work for a 30 Foot 
Anhydrous Ammonia Applicator During the Post-Plant Time-Period 
        
        
 Acres  Costs Costs Probability of  
 Covered Before Tax 
After 
Tax Completing acres  
        
        
  $/acre  $/acre    
 700 22.60  10.55  97.1%  
 1000 19.66  9.42  95.3%  
 1300 18.10  8.84  92.1%  
 1600 17.20  8.52  73.7%  
 1900 16.59  8.30  54.7%  
 2200 16.19  8.17  29.7%  
 2500 15.88  8.07  19.7%  
 2800 15.67  8.02  14.2%  
 3100 15.52  7.98  6.4%  
        
*Before-Tax and After-Tax Figures Include Per Acre Applicator and Tractor Costs 
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4.3.6 Case 6 – Post-Plant Anhydrous Ammonia with 60 Foot Applicator  
The results of the 60 foot post-plant anhydrous ammonia case study are described based on Table 
4.8. The probability of completing 3,700 acres in this time period with a 60 foot applicator is 51.4%. The 
cost of application associated with 3,700 acres is $12.31 per acre before-tax considerations and $6.31 per 
acre after-tax considerations. 
The 60 foot applicator was evaluated over 28 days of possible post-plant field workdays. There is 
a nearly 96% probability of completing application on 1,700 acres. This is an improvement of over 30% 
compared to the same acres on a 30 foot applicator. At 5,700 acres, there is still an 11.81% chance of 
completing application within the period from May 13th to June 9th.  
Doubling the size of the post-plant anhydrous ammonia applicator to 60 feet in length increases 
the purchase price of the equipment. Applying 1,700 acres of anhydrous ammonia costs $16.02 per acre 
before-tax considerations. At 5,700 acres of application, the per acre cost is $11.41 per acre. 
The 60 foot anhydrous ammonia application equipment costs $4.75 over 1,700 acres after-tax 
considerations. This after-tax cost drops to $2.85 when covering 5,700 acres. After-tax per acre costs are 
substantially lower than the before-tax calculations. 
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Table 4.8 Per Acre Costs and Probability of Completing Work for a 60 Foot 
Anhydrous Ammonia Applicator During the Post-Plant Time-Period 
        
        
 Acres  Costs Costs Probability of  
 Covered Before Tax After Tax Completing acres  
        
        
  $/acre  $/acre    
 1700 16.02  7.87  96.0%  
 2200 14.39  7.16  94.4%  
 2700 13.42  6.76  86.9%  
 3200 12.78  6.50  70.5%  
 3700 12.31  6.31  51.4%  
 4200 11.99  6.19  30.2%  
 4700 11.75  6.10  21.1%  
 5200 11.55  6.02  17.9%  
 5700 11.41  5.97  11.8%  
        
*Before-Tax and After-Tax Figures Include Per Acre Applicator and Tractor Costs 
 
4.3.7 Case 7 – Post-Plant Liquid UAN with 30 Foot Applicator  
The results of the 30 foot liquid UAN post-plant case study are described based on Table 4.9. The 
probability of completing 1,900 acres in this time period with a 60 foot applicator is 54.7%. The cost of 
application associated with 1,900 acres is $14.99 per acre before-tax considerations and $7.39 per acre 
after-tax considerations. 
The post-plant 30 foot liquid UAN applicator will cover 700 acres 97.08% of the time. Application 
with the 30 foot applicator over 1,000 acres suggests a 95.30% chance of completion in the post-plant 
time period. At 3,100 acres of application, the chance of completion is reduced to only 6.45%. 
Liquid UAN post-plant application with a 30 foot applicator costs $19.56 per acre before-tax 
considerations over 700 acres. With the lowest probability of completion, 3,100 acres costs $14.18 per 
acre before-tax.  
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After-tax per acre costs associated with liquid UAN post-plant application of nitrogen range from 
approximately $7 to $9. Applicators are operated at 5 MPH with a 70% field efficiency. The 30 foot long 
liquid nitrogen applicator applies nitrogen over 700 acres at a cost of $8.94 per acre. Spreading that 
same equipment cost over 1,900 acres results in a per acre cost of $7.39. With a low probability of 
completion, 3,100 acres is associated with an equipment cost of $7.19 per acre. 
 
Table 4.9 Per Acre Costs and Probability of Completing Work for a 30 Foot Liquid 
UAN Applicator During the Post-Plant Time-Period 
        
        
 Acres  Costs Costs Probability of  
 Covered Before Tax After Tax Completing acres  
        
        
  $/acre  $/acre    
 700 19.56  8.94  97.1%  
 1000 17.32  8.16  95.3%  
 1300 16.14  7.76  92.1%  
 1600 15.45  7.54  73.7%  
 1900 14.99  7.39  54.7%  
 2200 14.69  7.31  29.7%  
 2500 14.45  7.24  19.7%  
 2800 14.30  7.21  14.2%  
 3100 14.18  7.19  6.4%  
        
*Before-Tax and After-Tax Figures Include Per Acre Applicator and Tractor Costs 
 
4.3.8 Case 8 – Post-Plant Liquid UAN with 60 Foot Applicator  
The results of the 60 foot liquid UAN post-plant case study are described based on Table 4.10. 
The 60 foot applicator was evaluated over 28 days of possible field workdays as well. The probability of 
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completing 3,700 acres in this time period with a 60 foot applicator is 51.4%. The cost of application 
associated with 3,700 acres is $11.41 per acre before-tax considerations and $5.79 per acre after-tax 
considerations. 
There is a nearly 96% probability of completing application on 1,700 acres. This is an 
improvement of over 30% compared to the same acres on a 30 foot applicator. At 5,700 acres, there is 
still an 11.81% chance of completing application within the period from May 13th to June 9th.  
At 1,700 acres of application, the cost of application without tax consideration is $14.55 per 
acre. The cost of application with the 60 foot applicator on 5,700 acres is $10.64 per acre. Each of these 
is higher than the costs associated for the same acreage with the smaller applicator. 
Increasing the size of the liquid nitrogen applicator increases the probability of completion as 
well as the per acre costs. Application on 1,700 acres costs $7.08 per acre in machinery. There is a $5.52 
after-tax cost per acre over 5,700 acres with the 60 foot applicator. 
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Table 4.10 Per Acre Costs and Probability of Completing Work for a 60 Foot 
Liquid UAN Applicator During the Post-Plant Time-Period 
 
        
 
        
 
 Acres  Costs Costs Probability of   
 Covered Before Tax 
After 
Tax Completing acres  
 
        
 
        
 
  $/acre  $/acre    
 
 1700 14.55  7.08  96.0%   
 2200 13.17  6.50  94.4%   
 2700 12.35  6.17  86.9%   
 3200 11.81  5.95  70.5%   
 3700 11.41  5.79  51.4%   
 4200 11.13  5.69  30.2%   
 4700 10.93  5.62  21.1%   
 5200 10.76  5.56  17.9%   
 5700 10.64  5.52  11.8%   
        
 
*Before-Tax and After-Tax Figures Include Per Acre Applicator and Tractor Costs  
 
4.3.9 Case 9 – Late-Season Liquid UAN with 100 Foot Applicator  
The results of the 100 foot liquid UAN late-season case study are described based on Table 4.11. 
Application occurs at 7 MPH with a field efficiency of 70% to allow for reloading fertilizer and traveling 
from field to field. Deere makes a 100 foot boom sprayer called the R4038 that has been determined to 
be the most common sprayer for farm use (Batts, 2016). At 8,500 acres, the probability of completion 
with a 100 foot boom is 48.5%. The 8,500 acre size costs $7.53 per acre before-tax. The acre size 8,500 is 
associated with an after-tax per acre cost of $4.21. 
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There is a 90.38% chance of completing acres on 4,500 acres of application while 5,500 acres 
supports a probability of 89.26%. Not until 12,500 acres does this probability reach zero while 11,500 
supports just 5.07% chance of completion.  
A late season sprayer with a boom width of 100 feet provides a high chance of completion but it 
comes at a cost. Application on 4,500 acres costs $11.08 per acre before-tax. This cost of equipment falls 
to $6.36 when spread over 12,500 acres.  
After-tax costs of applying liquid UAN with a sprayer are prohibitively high unless the equipment 
is covering substantial acres. Applying nitrogen in-season with a sprayer costs approximately $3 to $6 
per acre after-tax considerations depending on size and acreage. Increasing the length of the sprayer 
boom to 100 feet in length increases the costs of the liquid UAN application. Application on 4,500 acres 
costs $5.88 per acre after tax. The lowest per acre cost is $3.68 per acre with any chance of completing 
application is at the 12,500 acre size. 
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4.4 Probability of Fall and Pre-Plant Combined Anhydrous Ammonia Application 
Combining the fall and pre-plant periods with the same equipment comparisons will be useful in 
both determining percent chance of application coverage and more importantly, comparing single 
season application costs to the costs of application spread over two seasons. The combined period is a 
likely combination due to being able to use the same piece of machinery in both the fall and pre-
planting. It is assumed that farmers who own a piece of equipment will be more inclined to use that 
implement whenever applying anhydrous ammonia. 
For now, we will discuss the probability of application over the 49 day period of the fall and 
spring combined. The results of this case study are described based on Table 4.12 for the 47.5 foot 
applicator and Table 4.13 for the 62.5 foot applicator. 
Table 4.11 Per Acre Costs and Probability of Completing Work for a 100 foot Liquid 
UAN Applicator During the Late-Season Time-Period 
                
        
 Acres  Costs Costs Probability of  
 Covered Before Tax After Tax Completing acres  
                
        
  $/acre  $/acre    
 4500 11.08  5.88  91.0%  
 5500 9.69  5.22  89.3%  
 6500 8.71  4.75  84.8%  
 7500 8.03  4.44  57.1%  
 8500 7.53  4.21  48.5%  
 9500 7.14  4.03  38.0%  
 10500 6.83  3.89  21.2%  
 11500 6.58  3.78  5.1%  
 12500 6.36  3.68  0.0%  
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 The 47.5 ft. anhydrous applicator in the combined period is able to cover many more acres with 
greater certainty of application than either period alone. A high level of probability is associated with 
any acreage under 6,000 acres while 6,000 yields a 94.16% chance of completion. There is a near 50% 
chance of completion when applying nitrogen to 7,500 acres and just 6.33% probability at 9,000 acres.  
 With a 62.5 ft. applicator, the probability of completing 8,000 or less acres nears 100% 
probability. At 8,000 acres in size, the exact probability in the combined seasons is 93.49%. This chance 
of completion falls to near 50% at 10,000 acres and below 20% after reaching the 11,000 acre threshold. 
Farms applying nitrogen to 11,000 acres require substantial machinery, as a 50% corn-50% soybean 
rotation is assumed, bringing the total acreage up to 22,000 acres in size. 
By combining the fall and spring periods, the equipment costs will be spread over more acres. A 
47.5 foot anhydrous applicator can apply nitrogen over 6,000 acres with a relatively high probability and 
the before tax consideration cost is $3.86 per acre. Increasing the acreage to 9,000 decreases the per 
acre costs to $3.51.  
By increasing the size of the applicator, the costs are spread over more acres with high certainty 
of application. Applying nitrogen to 8,000 acres has a before-tax consideration per acre cost of $3.38 per 
acre. The cost falls to $3.22 per acre at 9,500 acres and $3.12 per acre at 11,000 acres. A 62.5 foot 
applicator provides a lower per acre cost than the 47.5 foot applicator over both the fall and spring 
periods combined. 
Combining the acres over both the fall and spring periods results in decreased costs per acre for 
both before tax and after tax equipment. The spring period can be thought of as supplementing the fall 
anhydrous application period, as a low probability of spring completion leads to the addition of a few 
hundred to a few thousand acres.  
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Covering 6,000 acres results in a per acre after tax cost of $2.14. Adding 1,500 acres over the 
two periods drops the per acre cost by $0.07, at $2.07 for 7,500 acres. The largest acreage analyzed for 
this time-period results in a per acre cost of $2.05 over 9,000 acres. 
Increasing the size of the equipment to 62.5 feet in length results in an increased cost of the 
machinery but is lower in after tax per acre costs. Covering 8,000 acres with a high level of confidence in 
the opportunity to complete the work results in an after tax per acre cost of $1.89. Increasing this 
acreage to 9,500 acres decreases the per acre cost by $0.05 at $1.84. The largest acreage size evaluated 
returned a per acre cost of $1.81 over 11,000 acres. 
Table 4.12 Per Acre Costs and Probability of Completing Work for a 47.5 foot 
Anhydrous Ammonia Applicator During the Fall and Pre-Plant Time-Period 
        
        
 Acres  Costs Costs Probability of  
 Covered Before Tax 
After 
Tax Completing acres  
        
        
  $/acre  $/acre    
 8000 7.86  4.10  93.5%  
 8500 7.80  4.08  87.1%  
 9000 7.74  4.06  76.8%  
 9500 7.70  4.05  63.4%  
 10000 7.66  4.04  48.2%  
 10500 7.63  4.03  33.2%  
 11000 7.60  4.02  20.5%  
        
*Before-Tax and After-Tax Figures Include Per Acre Applicator and Tractor Costs 
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Table 4.13 Per Acre Costs and Probability of Completing Work for a 62.5 foot 
Anhydrous Ammonia Applicator During the Fall and Pre-Plant Time-Period 
       
       
 Acres  Costs Costs Probability of 
 Covered Before Tax After Tax Completing acres 
       
       
  $/acre  $/acre   
 6000 8.21  4.28  94.2% 
 6500 8.11  4.25  85.4% 
 7000 8.04  4.23  70.7% 
 7500 7.99  4.21  50.9% 
 8000 7.94  4.20  31.2% 
 8500 7.89  4.19  15.8% 
 9000 7.86  4.19  6.3% 
       
*Before-Tax and After-Tax Figures Include Per Acre Applicator and Tractor Costs 
 
 
 
4.5 Cost Comparison of All Cases  
Each time-period and case has several unique variables that influence the after-tax application costs. 
Table 4.14 shows a comparison of each of the nine cases presented in this thesis. To compare, costs are 
listed for each of the nine cases at the acre size close to the 50% probability of completion. With a 
probability near 50% for each case, the after-tax costs of each application can be evaluated. Also 
described in Table 4.14 is that of the per acre cost of application which includes the cost of 100 pounds 
of active nitrogen fertilizer.  
Fall anhydrous ammonia application with the 62.5 foot applicator is the lowest cost at $4.05 per 
acre while the small applicator is slightly higher at $4.37. This time-period is also associated with the 
highest probability of completion over a large number of acres, making it attractive to those applying 
nitrogen. The next lowest cost of application is in the late-season time-period over the largest number of 
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acres at $4.21 per acre. The sprayer with a 100 foot boom covers 8,500 acres with a 48.5% probability of 
completion. Such a large number of acres being applied to may involve more than one farm or a custom 
application scenario. Chemical application with this sprayer also allows for the initial cost to be divided 
over a large number of acres. 
The post-plant UAN time-period with a 60 foot applicator has the next lowest after-tax per acre cost 
at $5.79 with a 51.4% probability of completion over 3,700 acres. The post-plant application of 
anhydrous ammonia with a 60 foot applicator is associated with an after-tax cost of $6.31 per acre over 
3,700 acres. These two forms of application are separated by an after-tax cost difference of $0.52 per 
acre.  
The most expensive forms of nitrogen application occur in the pre-plant time-period as well as with 
a small applicator in the post-plant time-periods. These after-tax costs range from $7.26 to $8.30 per 
acre, which are double that of the costs associated with fall application while covering less acres. 
Increasing the probability in each of these nine cases increases the after-tax per acre cost. Increasing 
the probability also decreases the number of acres covered in any time-period, sometimes to a point in 
which machinery ownership in no longer feasible to certain farm sizes. Table 4.14 provides the 
comparisons needed to explore the costs in Table 4.3 through Table 4.11, which show an in-depth 
analysis of each time-period. 
Combining the application cost with the cost of product allows us to see a total per acre cost that 
takes into consideration the difference in product prices. With 100 pounds of active nitrogen being 
applied in each respective case, the combined column shows several different results than just the after-
tax application costs. One caveat to note is that fall and pre-plant application require a nitrogen 
stabilizer to prevent denitrification. The additional cost of $12 per acre is applied to each case related to 
fall and pre-plant application. 
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The combined column results in a change in the least expensive period of application. Post-plant 
anhydrous ammonia application with a small and large applicator are the lowest cost period of 
application at $53.30 and $51.31, respectively. Fall applied anhydrous ammonia is the next lowest cost 
application period at $61.37 per acre for the small applicator and $61.05 per acre for the large 
applicator. The highest cost period of application is that of all liquid UAN periods. Post-plant application 
with the small and large applicators costs $68.39 per acre and $66.79 per acre, respectively. Late season 
application with the 100 foot wide applicator costs $65.21 per acre including 100 pounds of liquid UAN. 
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Table 4.14 Per Acre After-Tax Costs of Application with the Median Probability (~50%) of 
Completion Across All Nine Cases 
          
          
 Cases Probability of Acres After-Tax  Cost With   
  Completion  Costs  Product  
          
          
      $/acre  $/acre  
1. Fall AA (Small) 52.0%  5750  4.37  61.37  
2. Pre-Plant AA (Small) 52.8%  1000  7.77  64.77  
3. Post-Plant AA (Small) 54.7%  1900  8.30  53.30  
4. Post-Plant UAN (Small) 54.7%  1900  7.39  68.39  
5. Late-Season UAN 48.5%  8500  4.21  65.21  
          
6. Fall AA (Large) 55.9%  7500  4.05  61.05  
7. Pre-Plant AA (Large) 57.1%  1250  7.26  64.26  
8. Post-Plant AA (Large) 51.4%  3700  6.31  51.31  
9. Post-Plant UAN (Large) 51.4%  3700  5.79  66.79  
          
*Cost With Product includes 100 lbs of active N  
**Fall and Pre-Plant anhydrous ammonia costs include $12 per acre for nitrogen stabilizer 
 
4.6 Summary 
Chapter 4 includes per acre costs and probabilities of completion. These results can be used to 
develop several conclusions. As Table 4.14 shows, fall applied anhydrous ammonia results in the lowest 
per acre application cost along with the highest probability of completion. Application costs more per 
acre with smaller equipment in periods when application probability is low. When factoring in the cost 
of nitrogen fertilizer, the results look much different due to the difference in fertilizer types and the 
need for nitrogen stabilizer in fall and pre-plant time periods. The implications of per acre application 
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costs as well as the combined cost of applying product nitrogen are important to take into consideration 
and are discussed more in the following chapter.  
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Chapter 5 
Summary 
 
5.1 Summary of Thesis 
 
 
 Nitrogen application across Central Illinois occurs in four main time-periods which all have 
unique environmental and financial implications. Quantifying the implications of decisions revolving 
around nitrogen application is necessary to further understanding how the agricultural community 
allocates resources. Calculating a per acre cost of application is an important first step to researching the 
economic implications of nitrogen application. While a simple per acre cost provides some insight, an 
adjusted per acre cost that takes into account many variables related to doing business is optimal.  
 In this thesis, a net present value calculation was formulated for analysis of anhydrous ammonia 
and liquid UAN application equipment as well as the tractors that pull each applicator. The late-season 
applicators are, however, self-propelled and do not require a tractor. This net present value calculation 
was made solely in Microsoft Excel, which provides a platform to easily connect formulas and quickly 
alter the inputs.  
 The net present value calculation is not a novel calculation in terms of machinery economics. 
Many before us have used similar calculations for various forms of equipment, while no such 
calculations have been made for nitrogen application. The term net present value provides insight into 
the general purpose of the calculation. Present value means to bring future expenses to the present 
through a series of time adjustment factors. The word net, means the summation of several variable 
calculations. Providing a net present value calculation on a per acre basis results in the information 
needed for future financial decision-making. 
 An equally important portion of this research is to assign a probability of completing field work 
over varying acre sizes in each time-period. To do so, several field workday datasets were compiled from 
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the National Agricultural Statistics Services(NASS). Analyzing this daily weather data can be summarized 
by looking at both soil temperature information and the days in which NASS determined to be 
workdays. Soil temperature and moisture was used for a binomial probability calculation in the fall and 
pre-plant time-periods, as NASS field workday information was only available for the post-plant and 
late-season time-periods. The probability used for the fall time-period was 66% and the pre-plant 
probability was determined to be 25%. Determining a probability of completion for each acre size in 
each time-period required that the size of applicators, speed of application, and field efficiency be taken 
into account for determining the acres per hour. 
 To expand on the methodology of the net present value calculations, a summarization of the 
variables and formulas involved is helpful. For each time-period, we chose the smallest and the largest 
applicator possible and established the manufacturer suggested retail price for each John Deere 
applicator from the company’s website. The purchase price is 90% of the list price and the down 
payment is established to be 20% of the purchase price. The remaining initial cost of the applicator is 
placed on a five year loan with an interest rate of 5%.  
 The first tax related input is that of a Section 179 tax deduction in year 0. This Section 179 
deduction is $20,000 for each piece of equipment in this thesis. Other tax related calculations are that of 
tax depreciation and tax reduction. Depreciation is based on a seven year MACRS depreciation over the 
five years of ownership. From this tax depreciation we calculate a book value that is the purchase price 
less the accumulated tax depreciation. The tax reduction is calculated yearly based off of the interest 
portion of the loan, tax depreciation, yearly expenses, marginal tax rate, and balancing charge.   
 In addition to calculating fixed and variable costs for each year, other calculations involved 
before taking into account the time value of money are that of the salvage value and balancing charge. 
The salvage value is calculated based off of established remaining value factors from the American 
Society of Agricultural and Biological Engineers(ASABE). The balancing charge can be thought of as the 
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depreciation recapture and takes into account the salvage value, book value, marginal tax rate and self-
employment rate in the period in which the equipment is sold.  
The final portion of the net present value calculation is the cash flow and present value adjusted 
cash flow. To calculate the after-tax cash flow each year, the loan payment, yearly expenses, salvage 
value, and tax reduction are taken into account. Each cash flow is then adjusted by a present value 
factor. The final step to determining the per acre cost is to calculate the annual equivalent cash flow 
based off of the summation of the present value adjusted cash flows and the after-tax discount rate. The 
annual equivalent cash flow is then divided by the number of acres being applied to.  
 
5.2 Implications of Research 
 
By researching the net present value adjusted per acre costs of nitrogen application in the four 
main time-periods, several conclusions can be made for future research purposes. The implications of 
this research can be summarized best by looking at the larger picture of nitrogen application efficiency 
and the potential loses that result from application in varying time-periods. Fall application is the lowest 
cost time-period in terms of application equipment while many agronomic studies have questioned the 
efficiency of applying fertilizer this far from plant utilization. The savings from lower application costs 
may be marginal in relation to the cost of the nitrogen that is lost before the start of the next closest 
period of application. 
The probability of completion in each of these time-periods presents a unique dilemma for 
farmers. The first scenario would be to either apply nitrogen before planting in the fall or risk not getting 
anything applied in the spring. The other scenario is to either apply in the pre-plant time-period or force 
the post-plant time-period to be the period in which the crop receives all of its nitrogen needs. 
Postponing nitrogen application into the post-plant time-period is considered to be high risk due to the 
uncertainty of weather events after planting occurs. Early season presence of nitrogen is crucial to the 
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initial health of the corn crop. The absence of nitrogen due to a delay in application is harmful to a corn 
crop, which provides the basis for choosing fall and pre-plant application time-periods to avoid potential 
risks. 
 
5.3 Important Findings of Research  
The net present value calculation methodology is not unique and all assumptions or inputs are 
considered to be representative of what farmers face across the agricultural landscape. The value of this 
research is realized when the per acre application costs, application costs including fertilizer cost, and 
probabilities are combined. A calculation that provides the total per acre cost alongside the probability 
of completion is useful for several groups of people. In order to communicate these results, several 
tables were discussed in chapter 4. To summarize these results, I will discuss the costs and probabilities 
of the nine cases across the four main nitrogen application time-periods.  
Nitrogen application in the fall time-period is the lowest cost time-period with the highest 
probability of completion across a large number of acres. Fall applied anhydrous ammonia provides a 
low application cost while being the furthest from eventual plant utilization. If a large number of acres is 
available to spread the equipment cost over, late-season application of liquid UAN is the second lowest 
cost time-period. Nitrogen application in the late-season time-period provides a high level of certainty 
for application completion.  
The more expensive time-periods of application are that of pre-plant and post-plant. Post-plant 
application of anhydrous ammonia and liquid UAN with a large applicator are close in per acre cost while 
providing the same probability of completion. Post-plant application costs increase for smaller 
applicators while the acres covered with certainty decrease. Pre-plant application of anhydrous 
ammonia is the highest cost application time-period due to the lowest number of acres covered with 
reasonable probability of completion. Spreading the cost of an applicator and tractor over a small 
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number of acres due to inclement spring weather produces a per acre cost double that of the fall time-
period. 
When factoring in the cost of the nitrogen fertilizer, fall and pre-plant anhydrous ammonia 
become much more costly. These two periods require a nitrogen inhibitor to be applied with the 
fertilizer at an additional cost of $12 per acre. Post-plant anhydrous ammonia is the lowest cost period 
of application when factoring in the fertilizer cost. Fall and pre-plant anhydrous ammonia are the next 
highest cost periods while all periods of liquid UAN application are the most costly, independent of 
applicator size.  
 
5.4 Limitations of Research 
 
 The limitations of this research are predominantly related to not factoring in the nitrogen loss 
that occurs as application moves further from the plant utilization. This nitrogen loss will affect the 
overall cost of nitrogen application. While this research provides the basis of economic considerations 
related to nitrogen application, there is much opportunity to expand on other facets of economic 
analysis. The nitrogen management field is ever evolving as farmers continue to advance in their cultural 
methods. Government influences play a large role in how quickly these advancements take place. This 
research does not attempt to make suggestions for policy changes. Further limitations are that of the 
uncertainty of field workday probabilities across the state of Illinois. Central Illinois weather data is 
representative of a large area but northern and southern Illinois may have largely different climates. 
 
5.5 Suggestions for Future Research 
 
Further research will contribute to the topic of nitrogen use efficiency in corn crops across 
central Illinois and the Midwest. Identifying potential avenues to decrease the risk of applying nitrogen 
has been a topic studied for many years. This research provides an economic understanding of the costs 
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of application equipment and fills a gap in literature which is particularly dense in agronomic 
information.  
Studying nitrogen loss reduction requires an understanding of crop science as well as 
economics. Further work regarding the economics of nitrogen application may involve providing further 
information in regards to the cost of the fertilizer type being applied. This research includes the cost of 
the equipment, while further studies may include the varying rates of anhydrous ammonia, liquid UAN, 
or other forms of nitrogen. There are many combinations of application timing as well as fertilizer type.  
Adding more progressive forms of nitrogen loss reduction to the research, such as cover crops, 
may provide additional insight into how farmers may progress in their cultural practices. Cover crops, 
such as cereal ryegrass, hold promise in terms of supplying nitrogen to the following corn crop as well as 
improving the soil structure, which in turn improves the nutrient holding capacity within the field. The 
economic costs and efficiency of cover crops are a field of research which is progressing quickly and 
would fit into this research well. 
Water quality and other environmental considerations provide incentive for midwestern 
agricultural to improve cultural methods of nitrogen application and plant utilization. While eventual 
improvement will take place, often policy influences adoption more quickly. The conclusion that fall 
application provides the lowest application cost along with a high probability of completion, provides 
policy makers with the insight into why many farms may require some form of incentive to change their 
current practices. While policy may force adoption of application methods that place nitrogen closer to 
utilization, future research may focus on how such methods can be implemented and incentivized 
across the Midwest.  
The thesis research presented provides the basis for an economic approach to understanding 
the long-studied process of applying nitrogen. From this research, there are several additional avenues 
to fill the void in the literature between agronomic considerations and economic implementation. 
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